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ABSTRACT 

The effect of non- s tarter lactic acid bacteria ( NSLAB )  on 

the texture and flavour development in cheese was inves tigated 

us ing Cheddar cheese matured in impermeable cheese barrier 

bags . Cheeses made normally in open vats ( and contaminated 

with adventitious NSLAB) were compared with NSLAB - free 

cheese s . 

To produce NSLAB - free cheeses , two totally enclosed 

cheese -making vats were des i gned and cons tructed . Thes e  vats 

were s terilized by soaking overnight with Iodophor , then s team 

flushed for 1 hour . This procedure was suffic ient to exc lude 

NSLAB but did no t produce complete s teril ity as evidenced by 

the growth of bac i l lus - type organisms in UHT - treated milk 

incubated in the ster i l ized vats . 

The thermal death characteris tics o f  representative s trains 

of NSLAB showed that mos t  species would no t survive milk 

pas teurization temperatures . However , two spec ies , 

Lactobac illus casei var casei and Leuconos toc lactis  were 

sufficiently res i stant that , if  present as the dominant flora 

of a raw milk , they could survive into the curd . Therefore , 

for asep tically manufactured cheeses , the milk was obtained by 

careful mi lking of the cows , to avo id NSLAB contamination . In 

the pasteurized vat - milks , the total bacterial count was 

routinely less than 1 cfujmL . 
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A panel of tas ters was trained to determine the texture and 

flavour of the cheeses us ing attribute scal ing technique s . 

Six textural and 5 flavour attributes were defined , and the 

intens ities of these were monitored in the cheeses at vari ous 

ages up to 9 months . 

The aseptic chees e -making procedure effect ively e l iminat e d  

NSLAB contamination from the cheese s . However ,  when che e s e s  

i n  bags were matured for long periods , a surface flora of 

adventitious NSLAB developed , apparently by contamination 

during sampling . Despite all s ampl ing precaut ions , the only 

method found to s atis factorily prevent thi s  contamination was 

waxing of the cheese surface s  prior to bagging . I t  was a l s o  

observed that i n  adventitious ly contaminated cheeses , the 

count of NSLAB in the surface 1-2 mm was at least 10 t imes the 

count in the remainder of the chees e . 

The texture and flavour of Cheddar cheeses made without NSLAB and 

matured at 10 C for 9 months c ould not be distinguished from 

cheeses with adventitious NSLAB matured under the same c onditions . 

In equivalent cheeses matured at lSC , the textures were again 

identical but the cheeses with NSLAB had greater intens i t i e s  of 

sharpnes s  and sulphide than the cheeses without NSLAB . Thus , 

s tarter alone appears to be the predominant contributor o f  thos e  

compounds which produce Cheddar cheese flavour and NSLAB , al though 

pres ent , do not normally contribute to flavour production . 

In a final part , the growth and c itrate uti l iz ing capab i lities  of 

three leucono s toc organisms were determined in a washed- curd 

cheeses . Again , NSLAB - free cheeses were made s ince there are 
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currently no effective means of differentiating between leucono s toc 

and NSLAB organisms , and NSLAB organisms can also utilize c i trate. 

While all three strains were capab l e  of rapid growth to leve ls 

around 107 cfu/mL in RSM , only one grew s ignificantly in the 

cheeses . Thi s  s train was capable o f  fermenting c i trate in the 

abs ence of a carbohydrate energy s ource and removed the c it rate 

present in brine - salted cheeses within 1 month at e i ther 10 C o r  

15 c .  
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1 

Literature Review and General Introduct ion 

Current Theories Of Flavour Development in Cheese 

The mechanism of flavour development in cheese ( and 

espec ially Cheddar cheese)  has been extens ively researched 

over the las t 80 years and many reviews have been published on 

the subj ect . Indeed i t  has been sugges ted that " . . . the number 

of reviews appears to be inversely proportional to the 

progres s  in understanding i t "  (Reiter and Sharpe , 1 9 7 1 ) . 

Rather than exhaus tively reviewing the total l iterature on 

cheese flavour development , this review seeks to place in 

context the research proj ect undertaken , the aim of which was 

to further e luc idate the role of microorganisms , particularly 

non - s tarter lactic acid bacteria (NSLAB ) , in flavour 

development . 

S ince by far the mos t  s i gnificant cheese to the New Zealand 

Dairy indus try i s  Cheddar cheese , discus s ion will be 

res tricted mainly to that cheese . Cheddar cheese provides a 

model for understanding the general princ iples of cheese 

flavour development , s ince the flavour i s  not modified by a 

del iberately added secondary organism (blue or whi te moulds , 

smear organisms or propionibacteria) . Interes tingly i t  has 

also been s tudied more extens ively than any o ther cheese 

variety . 
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While many of the general princ iples have been es tabl ished , 

there is  continuing speculation as to what compounds 

contribute to cheese flavour and what conditions are required 

for the ir formation in cheese .  Cheese flavour research can be 

broadly divided into two categories : 

i )  The isolation and identification o f  the chemical 

compounds in the cheese which may contribute to the perce ived 

flavour ( for reviews see for example Marth , 1 9 6 3 ; Forss and 

Patton , 1 9 6 6 ; Schormuller , 1968 ; McGuigan , 1 9 7 5 ; Behnke , 

1980 ; As ton and Dulley , 1982 ; and Hemme et al . ,  1982) ; 

and i i )  The investigation of thos e  factors ( e . g .  chemical and 

bacterial composition) which influence or control flavour 

development ( for reviews s ee for example Mabb itt , 1961 ; Rei ter 

et al . ,  1966 ; Jacquet and Lenoir , 19 6 8 ; Adda et al . ,  1 9 8 2 ; 

Grapp in et al . , 1985 ; Rank et al . , 1 9 8 5 ) . 

S ome reviewers ( see for example Fryer , 1 9 6 9 ; Reiter and 

Sharpe , 19 7 1 ; Evans and Mabb i tt , 1 9 74) have attempted to draw 

these two categories together . 

Progres s  to a full unders tanding o f  cheese flavour 

devel opment has been slow for a number of reasons , among the 

mos t  s i gnificant being : the number o f  cheese varieties known , 

the large number of different microorganisms and enzymes 

potentially involved , variations in the perception of 

acceptable flavour within a cheese variety , and the comp lexity 

and vari ab i l ity of the sub s trate (milk) . 
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Bas ic Cheese Flavour . The flavour of all cheeses is based on 

a b ackground composed of fat , protein , sal t , and lactate along 

with the sensation of the texture of the cheese in the mouth . 

Thi s  background will include flavours entering with these 

components ( e . g .  feed flavours ) and the effect of difference s  

in texture (particularly differences in the mo is ture and fat 

contents ) .  Overlaid on the bas ic flavour are the 

characteris tic components not present in the fresh curd , which 

develop during maturation . The development of these 

components is catalysed by enzymes in the milk or from the 

added b acteria , and the rate of react ion i s  dependent on the 

environment created and maintained in the chees e  b lock ( s al t  

and mo i s ture contents , pH , s torage temperature , humidity and 

packaging) . 

Three components provide the sources of developed flavour 

compounds - fat , carbohydrates/lactate and protein .  Not all 

flavours which can develop are acceptable , and components 

which when dominant may be cons idered o ff - flavours , may be a 

required component at a lower intens i ty ( the "Component 

Balance Theory" of Mulder , 1952 , and Kos ikowski and Mocquo t , 

1 9 58 ) . Indeed the percept ion of how intense a flavour 

component may be before it becomes an o ff- flavour may differ 

between different consumers . Thi s  i s  particularly evident in 

the case of aged Cheddar cheese ( ep icure) which contains 

intense sulphurous flavours not acceptable in mild cheese o f  

the s ame variety . 
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The Development of Flavour in Cheddar Cheese . 

Fat Metabolism .  Metaboli sm o f  fat provides characteristic 

flavours in blue cheese (mould metabolism) and s ome I talian 

cheeses ( added enzymes ) . However , fat is not bel ieved to 

contribute directly to the development of flavour of mos t  

cheeses . Milk fat appears to contribute precursors for methyl 

ketone production but free fatty acids longer than C4 do not 

appear to contribute to chees e  flavour ( Lawrence , 196 7 ) . 

Ohren and Tuckey ( 1969 ) noted that cheese made from skim milk 

did not develop flavour . Thi s  has been confirmed by Deane 

( 19 7 2 )  and Deane and Dolan ( 19 7 3 ) . Foda et al . ( 1974) , found 

s ome flavour to be reintroduced when synthetic fat or mineral 

oil were included in milkfat - free cheese . They sugges ted that 

one role of the fat may be to dissolve and hold non- aqueous 

flavour compounds . 

The extent to which lypolys i s  is required in the development 

of Cheddar cheese flavour is still unknown . From research 

into enzymatic methods of accelerating flavour development , 

the presence of a low level of a l ipase with spec ifici ty for 

medium length fatty acids appears beneficial (Arbi ge et al . ,  

198 6 ) . However ,  if too much l ipolys i s  occurs , the cheese are 

downgraded as ranc id or with butyric ac id flavour ( at least 

s ome l ipases preferentially produce free C4 ac ids from the 

mixed fatty acids present in butterfat) . 

Carbohydrate Metabolism .  The primary effect o f  the s tarter 

bacteria added to milk for cheese manufacture is to conver t  

the milk sugar ( lactose ) into lactic aci d ,  thus protecting the 
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milk from putrefact ive fermentations . S ince the body of 

Cheddar cheese is expected to be uniformly close , without gas 

formation , only homolactic starter cultures are added . 

Therefore the lactose in milk is converted almost  entirely to 

lactic ac id . Only in cheese in which the starter failed to 

make acid during manufacture or in cheese with very high salt 

levels will s ignificant levels of lactose remain after a few 

days ( Turner and Thomas , 1980 ; Thomas and Pearce , 1 9 8 1 ) . 

Further metabol ism o f  lactate does not occur in Cheddar 

cheese s ince there is no added secondary flora . However the 

NSLAB bacteria which grow in all maturing cheese convert the 

L- lactic ac id to a racemic mixture of lactic ac ids . 

Thus , in Cheddar cheese ,  carbohydrate convers ion to produc ts 

o ther than lactate will not be a contributor to the 

development o f  flavourful compounds . However , an open 

ques tion relates to the possible utilization of carbohydrate 

components of dead s tarter cells . The pos s ib i l i ty that NSLAB 

may produce flavourful compounds from these subs trates has yet 

to be addressed .  

Heterolactic s tarters ( the " aroma producers " )  are not used 

for Cheddar chees e  manufacture s ince these organisms also 

produce gas and lead to an open cheese texture ( Sherwood , 

1 9 3 9a ; Hoglund , Fryer and Gilles , 1972a ; L . E .  Pearce , 1 9 7 7 ) . 

As a consequence , the characteristic Cheddar cheese flavour 

will not contain compounds as sociated with the metabol ism o f  

these starters ( and required a s  a component o f  the flavour o f  
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many cheeses) . The role of aroma s tarters in the development 

of flavour in o ther cheese varieties will be reviewed in the 

introduction to Part III of this thes is . 

Proteolys is in Cheddar Cheese Ripening . I t  is  universally 

agreed that the breakdown of the milk prote ins occurs in 

parallel with the increase in cheese flavour . The four main 

s ources of enzymes which could be impl icated in proteolys is in 

cheese are : 

i )  Pas teurization res istant enzymes from the raw 

milk or the raw milk flora ; 

i i )  Enzymes from the starter ; 

i i i )  Enzymes from the rennet ; 

and iv) Enzymes from the secondary flora o f  

microorganisms growing in or on the cheese . 

The respective roles of these enzymes is  uncertain , and will 

depend to some extent on the type o f  cheese in que s t ion . 

In Cheddar cheese it is believed that the raw milk flora is  

o f  l ittle effect unless the contamination is  very high ,  and 

that the pure calf- rennet solutions currently in use in N . Z .  

are of such high puri ty that they contain only chymos in (>9 3 % )  

and pep s in (<7% ) . Therefore , the pool of free enzymes is 

relatively smal l . 

The s tarter cultures used in N . Z .  cons i s t  of pure s trains of 

S treptococcus cremoris organisms and not the mixed cultures 

( containing S treptococcus lactis plus o ther organisms ) common 

elsewhere . Thus the pool of s tarter enzyme types in the 

chees e  is relatively smal l . 
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The s econdary flora of Cheddar cheese is composed almo s t  

entirely of lac tobacilli  and pediococci , commonly called the 

non- s tarter lactic ac id bacteria (NSLAB) . Therefo re , unl ike 

o ther cheese types where moulds , surface smear bacteria o r  

internal bac teria ( e . g .  propionibacteria) compose the 

secondary flora , in Cheddar cheese ,  the pool of enzyme - type s  

from the secondary flora i s  relatively smal l . 

Therefore , research into the contribution o f  these various 

enzyme s ources to the bas ic mature flavour of cheese shoul d  be 

more eas i ly interpreted us ing N . Z .  Cheddar cheesemaking 

conditions than by us ing o ther cheese types or s tarter 

sys tems . 

The Role of Bac teria in Cheese Ripening . The two main 

contributors of enzymes which catalyse the development of 

cheese flavour are cons idered to be the s tarter and the NSLAB 

organisms in the cheese . Three groups of workers in 

particular have attempted to determine the role o f  s tarter 

bacteria in the development of chees e  flavour us ing aseptic 

cheesemaking vats to control the bacterial flora . The groups 

at the U . K .  Nati onal Ins titute for Research in Dairying , and 

the New Zealand Dairy Research Ins t i tute , worked with Cheddar 

cheese , while the group at Wageningen Univers i ty worked with 

Gouda cheese .  Both the N . Z .  and Dutch researchers were 

particularly interes ted in the formation of b itterness  in the 

cheese which was at the t ime a maj or defect . 



8 

The reports of all three groups agree that s tarter only i s  

sufficient to produce cheese flavour . Both Perry and 

McGillivray ( 19 64) and Lawrence ( 19 6 6 )  claim lower flavour 

intens ities ( or s lower flavour development) in cheese with 

s tarter only , but without presenting supporting evidence . 

Re i ter ( 19 7 3 )  commented " I t has now been conclus ively shown 

that s tarter itself produces cheese flavour . "  Lowrie e t  

al . ( 19 74 )  and Visser ( 1 9 7 7 )  both noted that s tarters which 

did not produce the b itter defect were more capable of 

producing flavour than s tarters producing b itterness . The 

presence of bacteriophage for one bitterness  producing s tarter 

(ML8 ) reduced bi tterness formation and improved flavour 

production ( Lowr ie et al . , 1 9 74 ) . 

While s tarter alone may be adequate to produce cheese 

flavour , the NSLAB normal ly present in cheese may add 

overtones to the mature flavour ( Lawrence ,  1 9 6 6 ) . Re iter e t  

al ( 1 9 6 7 )  noted that the flavour of Cheddar cheese made in 

aseptic vats with no bacteria other than the s tarter , compared 

closely with that of cheese made in open vats . There was , 

however ,  a tendency for the cheese in the open vat s  to be 

described as fuller in flavour . When they added the ir 

"Reference Floras " during the aseptic manufacture o f  chee s e , 

they noted that , at 6 months , cheeses without added 

lactobac illi  had the mos t  acceptable flavour while cheeses 

with l actobacilli  present usually had off- flavour s . They 

comment (without presenting evidenc e )  that cheeses which had 

off- flavours at 6 months were " extremely s trong and good 
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flavoured" at 11 months . Law Uet alu . ( 19 7 6 )  could find no 

s tatistically s ignificant evidence that cheeses containing 

lactobac illi were of different flavour to cheeses without 

these organisms . They do however note a trend to higher 

flavour intens i ties in the cheese containing lactobacilli . In 

contrast ,  Kleter ( 1 97 6 , 1 9 7 7 )  added three different 

lactobac illus cultures dur ing aseptic manufacture of Gouda 

cheese and observed no increase in flavour intens ity ,  but an 

increased incidence of " taste and flavour defects " .  

Aims of the Research Proj ect . S tarter alone may be suffic ient 

to produce cheese flavour and different s tarters may differ in 

the ir ability to produce flavour . However , s ince the 

formation of flavour i s  s till thought to be s lower in the 

absence of NSLAB , i t  i s  important to provide s tronger evidence 

of the potential beneficial effects of these o rganisms in 

cheeses made under s tr ictly controlled conditions . 

Furthurmore , s ince no previous research on cheeses made in 

aseptic vats has involved maturing the cheeses in bags ( and 

virtually all semi -hard cheeses are now matured in bags ) , i t  

was important t o  determine whether this form o f  maturation 

influenced the results obtained . 

Some measure of the metabolic activity of the NSLAB present 

adventitious ly in Cheddar cheese can be gained from the 

observation that the L- lactic acid produced by the s tarter i s  

rapidly converted by the NSLAB t o  the racemic D L  mixture , a 

modification of approximately 0 . 7% of the cheese weight 
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( Turner and Thomas , 1980 ; Thomas and Crow , 198 3 ) . Recent 

observat ions ( Fryer , pers . comm . ) have indicated that in 

s low- cooled Cheddar cheeses  the presence of heterolactic 

lactobacilli  correlated s trongly with the presence of 

fermented flavours at an early age . Lactobac illi not normally 

cons idered to be heterolactic can also produce potentially 

aromatic products under conditions l ikely to be encountered in 

cheese ( Thomas , 1 9 8 6 ) . At the very leas t , NSLAB are active in 

cheese , and can produce off - flavours if present in high enough 

concentrations . 

NSLAB occur in all cheese made in normal vats . The only 

methods avai lable to prevent the ir growth are either the use 

of selective antibiotics , or the ir total exclus ion during 

manufacture . S ince the use of a selective antib iotic which 

did not inhibit s tarter bacteria ( e . g .  a s tarter-produced 

bacteriocin)  was not pos s ib le , the construction and use of 

total ly enclosed and s teril ized cheesemaking vats was 

cons idered the mos t  appropriate method of obtaining NSLAB - free 

cheese .  
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PART I .  METHODOLOGY 

In order to obtain cheese without NSLAB or with no NSLAB 

o ther than known s trains del iberately added ( and to determine 

their effect on the cheese flavour ) it was neces s ary to 

des ign , build and commiss ion a suitable cheesemaking plant . 

The maj or section o f  Part I ( Section I . A) describes : 

the des ign and commis s ioning of the vat s  ( I . A . l ) ; 

the ini tial manufacture of cheese in the vats us ing 

pasteurized milk that had not been aseptically drawn ( I.A . 2 ) ; 

the determination of the thermal death characteristics of 

NSLAB and proof of the need for aseptically drawn milk 

( I . A . 3 ) ; 

and the proof that aseptically drawn milk did not contain 

NSLAB ( I . A . 4 ) . 

The second secti on ( Section I . B) describes the devel opment 

of a trained panel to determine the flavour and texture o f  

Cheddar cheese by attribute scal ing methods . 

The detailed des ign drawings ( Figures 1 - 6 )  were drawn by Mr . 

I .  Horley o f  the N . Z .  Dairy Research Institute , and the 

cons truction undertaken by the NZDRI workshops .  As proj ect 

leader , the candidate was involved in a supervisory role in 

all s tages o f  the des ign , construction and ins tallation o f  the 

vats . 
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I . A . l The Des ign and Operation of the Asept ic Vats. 

I . A . l . l  Introduction . During the las t three decade s , there 

have been a number of reports describ ing research proj ects 

us ing cheese made under " aseptic" or " controlled 

microbiological " conditions . Mos t  des i gns were for small 

scale equipment ( 2 - 20 L) to be used in the laboratory ( Ohmiya 

and Sato , 1970 ; Le Bars et al , 1975 ; O ' Keefe et al , 1975 , 

1976a , b ;  Singh et al , 1976 ; and Paulsen et al , 1980 ) . Thes e  

have been useful in s tudies involving specific b iochemical 

ques tions re lating to the role of s tarter bacteria in 

proteolys i s  and l ipolys is . None produced suffic ient chees e  

for adequate flavour analysis dur ing maturing . 

Two groups have des igned larger equipment producing 

suffic ient cheese to al low for extens ive flavour analys i s . 

Kleter ( 19 7 5 )  developed a 40 L sys tem , while workers at the 

Nat ional Ins titute for Research in Dairying developed 50 and 

160 L sys tems (Mabbi tt et al , 1959 ; Chapman e t  al , 1 9 6 6 ; Law 

et al , 1976a , b ,  197 9 ) . The Dutch and the later and b i gger 

N . I . R . D .  sys tem both involved autoclaving to s terilize the 

vats . 

A number o f  early reports indicated that the manufacture of 

"NSlAB - free " cheese from pas teurized milk was pos s ible in vats 

which were not autoclaved (Mabbitt et al , 1959 ; Perry and 

McGill ivray 1964 ; Lowrie et al , 1974) . Furthermore , 

autoclaving of vats large enough to produce more than 4 kg of 

cheese requires both a large autoclave (no t  avai labl e  at 
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N . Z . D . R . I . ) and the use of materials which tolerate the high 

s teril i z ing temperatures (particularly in gaskets , seals and 

gloves ) .  Therefore , it was decided to des ign a pair of vat s  of 

7 5  L capac i ty which could be s terilized in p lace by chemical 

soaking fol l owed by s team flushing . 

I . A . l . 2  Des ign Criteria Selected . The criteria selected as 

the bas i s  for designing the aseptic vats are set out in Table 

i .  The aim was to manufacture cheese under conditions as 

close as pos s ible to current N . Z .  Cheddar cheese manufacturing 

practices in order to ensure that the resul ts obtained woul d  

be a s  relevant a s  poss ible t o  the current s i tuation . 

I . A . l . 3  Description of the Plant . The des ign of the vats i s  

shown i n  Figures 1 - 6 .  Two vats were built  as mirror images,  

mounted with a common entry/exi t  p ipe enter ing at the bottom 

o f  the vats to minimize pipe length ( Fi g  1 ) . All the parts o f  

the vats , p ipes and fittings i n  contact with the product were 

manufactured from grade 316 s tainless s teel . The pasteurizer 

was mounted behind one vat and under the she l f .  The main 

controls were mounted between the vats at operator level . 

These included switches for all the motors , the programmabl e  

controller which contro lled the temperature o f  both vats and 

the pas teurizer , and the switches for the pneumatic valves on 

the vat entry/exit pipe . 
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i)  A totally enc losed sys tem capable of be ing operated in 
a dairy plant environment with the required services 
(hot and cold water , s team , air , electric power ) .  

i i )  Two vats , preferably s ide by s i de .  
i i i )  Suitable for the manufacture of Cheddar cheese with 

cheddaring to be done in the vat . However ,  flexib i l i ty 
to be maintained s o  that b rine salted varieties could be 
made by addition of appropriate modules. 

iv) Minimal complexity to ensure the least l ikel ihood of 
contamination or operator error . 

v) Operator to be able to reach all internal surfaces 
( through gloves ) .  

vi)  Maximal working vo lume ( given Criterion v) to maximize 
the weight of cheese produced . 

vii)  Sufficient mechanization , especially o f  curd agitation 
and temperature control ,  to ensure the closest 
s imilarity between operati ons in each vat and to reduce 
day to day variations . 

vii i )  Milk to be heated only to pas teurization temperatures 
s o  as to maintain the closest s imilar i ty to commerc ial 
practice . 

ix) Cheese dimens ions , handl ing and compos ition to compare 
closely to commerc ial practice . Cheeses to be matured 
in barrier bags . 

The main body of the vats ( Fi g  2 )  was circular for ease o f  

agitation . An operating volume of 7 5  L was chosen giving the 

vats a 500 mm internal diameter with a 400 mm operating 

he ight . With gloves mounted in a s loping front piece , the 

operator could reach the bottom far edge of the vats with very 

l i ttle effort . The provis ion o f  an enlarged shelf above the 

working he ight of l iquid enabled small ancillary equipment to 

be s tored in an area which the operator could eas i ly reach . 

The vats were double j acketed with a spray r ing ( Fi g  2 )  in the 

j acket to enable heated water to be c irculated for heating the 

vats . 



1 5  

The operations could b e  viewed through a Lexan ( General 

Electric Co . ,  P itts field , Ma . , USA) porthole ins talled in the 

front of the vats above the glove ports ( Fig 2 ) . Together 

with the lexan cover at the back of the shelf , these ports 

admi tted sufficient light to be able to see the operations . 

The lexan cover at the back o f  the she lf was hinged to enable 

the door to be opened to admit the anc illary equipment or to 

remove the filled cheese hoops at the end of manufacture . 

Details of the seals on the glove ports , viewing port and 

rear door are shown in Fig 3 .  The gloves (750  mm ,  Schack 

Indus trial Rubber Gloves , Supreme Rubber Co , Auckland , N . Z . ) 

were s tretched over the flange ( Detail B)  and clamped by a 

s tainless s teel r ing attached by three clips screwed into 

place . The viewing ports ( De tail A) were s imilarly clamped 

with a s tainles s  s teel r ing agains t the flange , but with a 

continuous s i licone 0 - r ing between the lexan and the flange . 

The rear door cons i s ted of a rectangular piece of lexan 

screwed into a s tainless s teel frame . The frame was hinged to 

the flange of the vat ( Detail C ) . The who le door was clamped 

closed during cheese manufacture by four hand tightened s crew 

clamps which sealed the lexan to a continuous s ilicone 0 - r ing 

in the flange ( Detail D ) . 

To agitate the vat contents , a drive uni t  was mounted on top 

of each vat ( Fig 2 ) . Each unit cons i s ted of a 0 . 3 7 kW 1390 

rpm TEFC electric motor (ASEA Type MBN 71 B4 ; Andrew Stewart 

Ltd . , Palmerston North , N . Z . ) attached by a belt drive to a 

15 : 1  reduct ion uni t  ( Penfo1d SP45 , J. and A . P .  Scott Penfo1 d  



Figure 1 .  The front (A) and s ide ( B )  elevations and the plan 
view ( C )  of the asept ic vats showing the location and 
e levation of the vats,  control panel and electronics box, the 
pas teur izer and the piping and valves . The framing detail ( D )  
shows the des ign of the mild s teel frame o n  whi ch the vats and 
equipment were mounted . 
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Figure 1 .  Front and s ide elevations of the aseptic vat uni t .  
plan view and frame detai l . 
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Figure 2 .  The s ide (A) , rear (B)  and p lan views of the left 
aseptic vat showing the l ocation of the porthol e  and glove 
ports , the agitator , i ts drive motor and reduction gearbox , 
the j acket and spray r ing , the air inlet and outlet fittings , 
the s ample bottle port , the s tarter inlet and the rear door . 
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Figure 2 .  Side rear and plan views of detai l s  of each aseptic 
vat body .  
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Figure 3 .  Detailed drawings of the mounting detail s  showing: 
the viewing port mountings (A) ; the glove attachment ( B ) ; rear 
door detail s  ( C )  including expanded detail s  of the hinge ( C l ) ,  
h inge location ( C 2 ) , and swing bolts ( C3 ) ; location of the 
s tarter port ( D ) ; detail of the sampl ing port (E) ; and detail 
o f  the overflow outle t  in the water c irculation j acket ( F ) . 
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Figure 3 .  Details of all mountings on the aseptic vat bodies . 
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Figure 4 .  Details of the des ign of the agitator (Al ) , its 
mounting ( A2 ) , seals (A3 ) and the internal hous ing (A4 ) ; the 
male (Bl ) and female (B2)  ends of the b ayonet fittings and the 
b lades ( Cl and C 2 ) . 
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Figure 4 .  Agitator design and mounting detail .  
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Figure 5 .  The p ip ing diagram for the aseptic vats showing 
elevation (A) and plan ( B )  views of the circulation p ip ing for 
vat heating and pas teurizer heating and cool ing , and the 
balance tank ( C )  for mixing hot and cold water in the vat 
heating c ircuits . Drawing D is a view of al l the water 
circuits showing the location of all pumps , valves etc . 
including : 1 .  Pas teurizer pr imary heating control valve ; 2 .  
vat heating circulation pumps ; 3 .  balance tanks ; 4 .  
pas teurizer heating c irculation pump ; 5 .  milk pump ; 6 .  milk 
feed flow control valve ; 7 .  manual valves ; 8 .  pneumatic vat 
valves ; 9 .  non- return valves ; 10 . Pasteur izer heating c ircuit 
flow control valve ; 1 1 . Pasteurizer ; 1 2 . Vat ; 13 . s trainer ; 
and 14 . Hot water inlet s oleno id valve . 
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Figure 5 .  P iping diagram for the aseptic vat uni t . 
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Figure 6 .  Detail o f  the ancill iary cheese making equipment 
for the aseptic vats . The drawings show: the cutter s creen in 
plan view (Al ) and elevati on (A2 ) , the hinge (A3 ) and handle 
(A4 ) ; the curd mill ( B ) ; the outlet screen ( C ) ; the hoop ( D ) ,  
cons isting o f  a l id (Dl ) ,  the main body ( D 2 )  and the pres s ing 
frame (D3 ) into which the hoops were placed before pres s ing ; 
and the s ampl ing template intended to ensure accurate s ampling 
of the cheese . 
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f o r  the aseptic vats. 
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Ltd . , Chri stchurch , N . Z . ) .  The drive shaft entered the vat s  

through a water - lubricated Crane type I I  seal with a rotating 

carbon and s tationary s tainless s teel face (John Crane Maur i 

Ltd . , Auckland , N . Z . ;  Fig 4)  and was terminated with a bayonet 

fitting . The agitator shaft was made in two parts with a 

bayonet fitting j us t  above the liquid level ( Fi g  4 ) . The four 

blades of the agitator were welded at an angle of 45 to the 

bottom of the lower half of the shaft . The agitati on speed in 

the vat was further reduced to 75 rpm by a change in the s iz e  

of the pul leys during commiss ioning . 

The vats were heated by circulating heated water through the 

spray ring . A p latinum-bulb thermistor was attached in a 

pocket to the bottom of each vat and connected to the 

temperature controller . The piping of the vat s  i s  shown in 

Fig 5 .  The controller opened a solenoid valve (B8 , Bes tobe l l  

Ltd . , N . Z . ) allowing hot water (approx . 7 0  C )  t o  enter the 

water circuit .  The water was continuous ly pumped by a 0 . 1  kW 

circulating pump ( Commodore , NDA Ltd . , N . Z . ) through the spray 

r ing . The water then returned to a balance tank by gravity . 

Cold water ( at 2 L/min) was continuous ly fed into the balance 

tank to reduce temperature overshoot , and surplus water ran to 

was te through an overflow . The tank provided the continuous 

head to the circulating pump . 

The pas teur izer was a 600 L/h Sigma 7H uni t  (W . Schmi dt GmbH , 

Bretten , Wes t  Germany) . Incoming milk was pumped by a 0 . 56 kW 

centrifugal pump ( Pl012 , MacEwens Machinery , New Zealand) 

throttled by a manual Ros i s ta butterfly valve (Hols tein und 
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Kappert GmbH , Unna - Konigsborn , Wes t  Germany) and warmed 

against the outgo ing milk , before enter ing the heating 

section . A platinum bulb thermistor was inserted in a pocke t 

in the external pipe linking the holding and regeneration 

sections and l inked to the temperature controller . Heating 

was by superheated water (boiler primary supply) admitted to a 

closed circuit by a pneumatic Trans flo Control valve ( Taylo r  

Ins truments ,  Wel l ington , N . Z . ) with an electric t o  pneumatic 

converter (Moore Products Ltd . , Surrey , England) . A 0 . 25 kW 

centrifugal pump (K- series with gunmetal impel l ar , Davis 

Pumps , N . Z.)  maintained circulati on in the loop . Excess water 

was removed by a p ipe to the boiler return l ine j us t  before 

the pump inlet . A tap in the circuit was manual ly set to 

maintain the required pressure differential between the supply 

and return water l ines . 

The computer to control the time and temperature in the vats 

and in the pas teurizer was built and programmed by s taff o f  

the DRI Appl ied Mathematics Section . 

With the temperature probes and e lectrical wiring attached 

to the vats and also the phys ical s ize of the apparatus , 

autoclaving was not pos s ible . 

The vats were supplied with pres surized air through a 

pres sure reducer (Martonair , Twickenham , England) . The air 

was used to raise the Taylor valve in the pas teurizer hot 

water circuit and two pneumatically operated Ros i s ta butterfly 

valves on the outlet pipes of the vats ( Fig 1 ) . The butterfly 

valve for each vat could be raised by a manual switch mounted 
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below the main control pane l , or by a foot pedal ( S3 1 - FS , 

Kenny Pneumatics Ltd . , Palmers ton North , N . Z . ) attached to the 

base o f  the frame allowing the operator to open the valve 

while working with his hands ins ide the vats. 

The air was also used to maintain a pos i tive pres sure within 

the vats . A l ine to each vat was controlled by a small 

Martonair regulator mounted below the control pane l . Thi s  l ine 

fed through presteril ized air filters (Whatman Gamma 12 , W and 

R Balston Ltd . , Kent , England) into the vat s  through the 

fittings attached to the roof of the vats ( Fig 2 ) . A s imil ar 

filter was attached to an outlet fitting to enable air to flow 

through the vats . 

Various small anc illary i tems which were also required are 

shown in Fig 6 .  These included a cutting screen to cut the 

coagulum , a fine meshed screen to prevent the curd escap ing 

down the outlet during whey removal , a mil l  and a hoop , along 

with s ample containers and s al t .  The cutter was des igned to 

be left in the bo ttom of the vat before rennet ing , drawn up 

through the curd , and then folded and shelved . However i t  was 

not pos s ible to obtain suffic ient s trength on the r im to hold 

the shape without making the rim unreasonably thick . Ins tead , 

by stringing the wires in only one direction , the l ight r im 

was sufficient to hold the cutter in shape . The coagulum was 

cut by pass ing the cutter down through the curd , rotating i t  

through 9 0  degrees and rais ing i t  again . Thi s  proved adequate 

to cut the coagulum into rectangular columns approximately 9 

mm by 9 mm . 
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The curd screen cons is ted o f  a s tainless s teel mesh s oldered 

to a s ta inless s teel rim shaped to fit over the gullet in the 

bottom of the vat during whey removal . 

The mil l  was des igned as a s tainless s teel box with a 

sharpened grid ( 1 2  mm apart )  welded into one of the open 

s ides . I t  was found to be totally impractical as it was no t 

pos s ible to push the mill through the cheddared curd . Ins tead , 

the curd was milled by cutt ing with a s tainless  s teel cooks 

kni fe with a heat res i stant p lastic handle .  

The hoop was a s tainless s teel  rectangular box with 

dimens ions scaled in proportion to thos e  of the s tandard N . Z .  

20 kg cheese block . The des ign capac i ty was 7 . 5  kg of pre s s ed 

cheese . A cloth bandage was s ewn as a square bag to 

accurately fit the ins ide of the hoop . After fil l ing the 

bandaged hoop with curd , the bandage flaps were folded over 

the top and a s tainless s teel l i d  p laced on top . 

The front and rear views o f  the vats in place in the 

proces s ing plant are shown in the plates ( Plate 1 and Plate 

2 ) . 

I . A . l . 4  Plant Steril ization . On the afternoon before 

cheesemaking , the vats (with the gloves attached and the rear 

doors secured) were filled with water containing 1 . 6  mL o f  

I odophor ( Economics Laboratories , Hamilton , N . Z . ) per l i tr e . 

The pas teurizer pump was used to pump the entire headspace 



Plate 1. Front view of the aseptic vat uni t  ins talled in the 
dairy plant. 

Plate 2 .  Rear view of the aseptic vat uni t  ins talled in the 
dairy plant. 



Plate 1 
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full of Iodophor . Thus , the pasteurizer , pipes and balance 

tank were all filled with Iodophor which was left in the p l ant 

overnight . 

In the morning , the sanitiz ing s olution was drained and the 

vats heated with steam at atmospheric pressure . The steaming 

was maintained for at least 1 hour from the time that the vat 

thermometers registered 95 C .  During the steaming period , the 

valves on the inletjoutlet p ipes were left s l ightly aj ar s o  

that steam vented through the outlet and steri l iz ed the 

p ipes . After about 30 min steaming , the pres teri l ized air 

filters were attached to the plant . 

Al l the small anc illary equipment was autoclaved ( 12 1  C/15 

min) prior to use , wrapped in Kraft paper and secured with 

autoclave tape . The agitator shaft , screen , knives , hoop l i d ,  

s ample containers , and salt (weighed into 250 mL polycarbonate 

Erlenmeyer flasks ) were autoclaved ins ide each vat ' s  hoop . 

The cutter , agitator paddles and hoop bandage were autoclaved 

separately wrapped . After a total of at least 45 min of 

steaming , and while steam was be ing supplied , the 

presteril ized small equipment was passed into the plant 

thro�gh the rear doors . As each package was passed in , the 

paper was removed . Care was taken not to touch the sterile 

equipment e ither with hands or against surrounding nonsterile 

surfaces .  

Fol l owing entry of the small equipment and a further 15 min 

of active steaming , the air supply was connected through the 

filters , the steam disconnected and the vats allowed to cool  
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to amb ient temperatures with a positive supply o f  s terile 

filtered air . The air supply was regulated to maintain the 

gloves in a s l ightly inflated s tate so as to prevent 

non-filtered air being sucked into the plant . 

I . A . l . 5  Sterility of the Plant . The s teril i ty of the plant 

was checked in two ways . 

I . A . l . 5 . 1  Swabb ing . After a number of manufacturing runs , the 

plant was s terilized as described in Section I . A . l . 4 and then 

carefully s tripped down and swabbed . Attention was paid to 

areas l ike butterfly valves , 0 - rings , glove attachment s ites  

and the agitator drive bearing , where non- s terlie buildup may 

occur ( Fig 7 ) . The swabs were s treaked onto pre - poured plates 

of Standard Methods agar (SMA) and Lactobac i l lus selection 

agar ( LBS) agar and incubated . No NSLAB contamination was 

found , but as a contaminant whi ch grew on SMA was found in the 

air intake on one of the vats , the filters were changed to 

Whatman Gamma- 12 filters which are fully autoclavable . 

I . A . l . 5 . 2  Incubation of UHT Skim milk . The plant after 

s terilization ,  was fil led to operating volume with UHT - treated 

skim-mi lk and held at 30 C .  

I . A . l . 5 . 2 . 1  Preparation of the UHT Milk . The UHT skim milk 

was prepared by first heating through the UHT plant at 115 C 

for 3 s ,  cooling and holding overnight at 10 C to allow for 

the germination of spores . The milk was then heated in the 

s teril ized plant at 145 C for 5 s ,  and pumped from the out l e t  
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through a s terile s il icone tube terminated with a shortened 

syringe needle , through the Suba- seal into the s terilized 

plant . 

I . A . l . 5 . 2 . 2  Incubation o f  the UHT Milk . The milk was 

temperature controlled at 30 C during the day and left 

quiescent at night . During the entire incubation period , the 

filtered air supply to the vats was maintained . The 

microbiological counts and pH values o f  the milk are shown in 

Table i i . After a period of 44 h the milk pH s tarted to fal l  

a s  a result o f  the growth o f  bacillus organisms . No NSLAB 

organisms were detected in the vat milk throughout the entire 

incubat ion run ( up to 90  h) . 

Samples of the UHT milk taken from the del ivery s tream 

within the vat but without contact with the vat surfaces did 

not s our , even after incubation at 30 C for a number of weeks , 

indicating that the contamination did not occur in the UHT 

milk itsel f .  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Table i i ,  The microbiological counts and changes in RH of UHT 
treated milk incubated in the s terilized aseptic vat s . 

Sampl ing t ime Bacterial count ( cfu/mL) pH 
(h) Aerobic Anaerobic 

0 <2 <2 6 . 62 
6 <2 <2 6 . 60 

22 2 <2 6 . 60 
2 8  102 <2 6 . 5 5 
44 1*104 100 6 . 28 
50 5*106 200 5 . 9 5 
66 1*108 1*10 7 5 . 04 
90  1*108 1*108 4 . 90 



Figure 7 .  Location of s ites for swabb ing o f  the s teriliz e d  
aseptic vats. After s terilization , the aseptic vats were 
carefully s tr ipped and swab samples were taken at the s ites 
indicated . Samples were plated on both s tandard methods agar 
to determine the total count of bacteria , and on lactob ac i l lus 
selecti on agar to detect the presence of NSLAB . 
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I . A . l . 6  Pas teurization and Milk Sampl ing . The pas teurizer was 

operated at 7 3 . 5  C with a holding time of 1 7  s .  I t  was run up 

to operating conditions by recirculation o f  the 

Iodophor - treated soak water after s teaming was complete . The 

whole of the pas teurizer was allowed to come to temperature s  

around 80 C before the cooling water was turned o n  and the 

inlet throttl ing valve closed down to the operating flow 

rate . The c irculating water was then cooled to around 30 C .  

After the plant had attained s tab le operating conditions , mi lk 

pasteur ization was commenced by turning the c irculating water 

to was te . Milk was poured into the balance tank once the 

water was removed . 

Samples for microb iological and chemical asses sment were 

taken from the cans of milk with a s terile dipper , after the 

milk had been well mixed us ing a s terile plunge s tirrer . 

Proportional volumes were taken from each can and mixed in the 

sample container . 

The milk was poured from each can into the pasteurizer 

balance tank . The first 45 s of milk through the pas teurizer 

was run to was te and the pas teur izer holding temperature was 

moni tored . In the event that the temperature fell below 7 2  C 

( due to the c irculation water and the milk being of different 

temperatures ) the milk was run to was te unti l  45 s after the 

temperature returned to above 72 C .  

Both vats were filled together , the fill ing t ime be ing 

measured to ensure that the correct holding t imes were 

obtained . At the time of commencement of fill ing , at 
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approximately half way , and immediatly after the vats were 

ful l , s amples of the pas teurized milk were obtained from the 

outlet pipe for microb iological as ses sment . The milk in the 

vats was also sampled for microb iological asses sment before 

the addition of s tarter . 

I . A . l . 7  Cheese Manufacture .  The manufacturing protocol for 

Cheddar cheese manufac ture is outlined in Table i i i  which 

give s  the fixed time and temperature po ints used by the 

computer programme to control the temperature in the cheese 

vats . As s oon as enough milk had been filled into vat 1 ,  the 

agitator was attached , the temperature programme to that vat 

was switched on and the manual override valves controll ing the 

supp ly of hot and cold water to the temperature c ircuit were 

opene d .  The control programme contained an ini tial 2 5  min 

holding period to allow for final equi l ibration at the setting 

temperature . The temperature programme and agitator for vat 2 

were switched on 15 min after vat 1 s o  that the operations in 

the two vats were s taggered 15 min apart . 

At 2 5  min , the s tarter was added by ins erting the needle 

attached to the bung on the s tarter flask through the Suba 

seal of the vat . Prior to insertion of the needle , the Suba 

seal was s terilized by wiping with alcoho l . The s tarter was 

pumped into the vat by pressuriz ing the flask with filtered 

air . 
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Tab le i i i . Cheesemaking pro tocol for Cheddar cheesemaking in 
the aseptic vats . 

Time (h . min) Temperature ( C )  

0 . 00 
0 . 2 5 
0 . 30 

1 . 10 

1 . 15 
1 .  50 
3 . 20 

3 . 25 

5 . 00 
5 . 10 
5 . 50 

32 . 0  
3 2 . 0  
3 2 . 0  

32 . 0  

32 . 0  
3 8 . 0  
3 7 . 0  

3 7 . 0  

approx 35  
approx 3 5  
approx 3 3  

Comments 

Initiate equil ibrium 
Add s tarter 
Add rennet , cease s tirring 

close manual hot and cold 
valves 

Cut coagulum , take whey 
sample , s tart agitation 

Commence heating 
Cease heating 
Commence running whey 

take whey s ample 
Whey removal comp lete , 

dry stir , take whey s ample 
at  outlet , commence 
Cheddaring , close manual 
water valves 

Commence milling 
Take pH sample , add salt 
Commence hooping 

At 30 min , rennet ( at the rate of 16 mL/100 L) was inj ected 

through the Suba s eal in the s i de of the vat . Normal s trength 

( 5 9  Ru/mL) NZ calf rennet (New Zealand Cooperative Rennet C o , 

Eltham , N . Z . ) was filled into a p lastic syringe and inj ected 

through a presteri l ized Swinex 2 5  filter uni t  ( Mi l l ipore 

Corp . , Mass . ,  USA) equipped with a 0 . 45 u Mill ipore membrane 

filter ( Type HA) . Again , the outs ide of the Suba seal was 

swabbed with alcohol prior to insertion of the needle . 

After 2 - 3  min stirr ing to ensure adequate mixing , the 

agitators were s topped , disass embled and shelved . The hot and 

cold water to the heating circuits was turned off s ince the 
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temperature probes were attached t o  the vats not the water 

balance tanks , and therefore temperature control was lost when 

agitation ceased . 

Forty minutes were allowed for coagulation and curd 

firming . The cutter was then opened and pas sed down through 

the coagulum , turned through 90° at the bottom and raised , 

folded and reshelved . The agitator was reas sembled and after 

allowing 2 - 3 min for initial whey expuls ion ( and removal of a 

whey s ample)  agitation and temperature contro l were 

recommenced .  A combination o f  manual and mechanical agitation 

was used to move the curd which was cut into cubes of approx . 

10 mm by the agitator blades . After approximately 10 min , the 

whey volume was sufficient that the agitator could maintain 

the curd particles in suspens ion . 

Automatic temperature control was maintained through the 

heating (cooking) and holding periods unti l  the e lapsed t ime 

reached 3 h 20 min ( i . e . 2 h 50 min from rennet additi on) . 

Agitation and temperature control was s topped approx . 5 min 

before running the whey . Thi s  allowed the curd to s e ttle and 

made the separation of curd and whey eas ier . After taking a 

whey s ample , the curd was gently pushed back from the outlet 

and the draining screen inserted over the gul let . The airflow 

was increased to maintain a pos i t ive air pressure and the 

pneumat ic butterfly valve was opened us ing the foo t  pedal . 

Flow through the outlet was regulated by intermittantly 

clos ing the valve . As required , the curd was cleared from the 

screen by hand . 
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Once the whey was removed,  the curd was dry s tirred three 

times , working around the circumference of the vats . The curd 

was piled around three - quarters of the circumference of the 

vat ( away from the outlet) and a sample of whey from the 

outlet pipe was taken for acidity determination . After 5 - 1 0  

min , the curd was trimmed us ing the mil l ing knife and after 

another 20 - 2 5 min , the curd was cut into 8 approximatly equal 

blocks for cheddaring . The Cheddar blocks were turned 

approximatly every 15 min . During cheddaring the outlet 

valves were normal ly open allowing the whey to run to was te , 

and the air flow was maintained to sweep fil tered air through 

the outlet p ipes . 

Care was taken to ensure that whey was not forced from one 

vat into the o ther . The outlet valves were closed when 

necessary (� on vat 1 during removal of whey from vat 2 a t  

running) and a i r  flows were adj us ted t o  equalize pres sures i n  

both vats before reopening the valves . 

At 5 hours e lapsed time (4  h 30 min after rennet addit ion) 

the Cheddar blocks were cut into curd fingers ( approx . 

10*10*150 mm) , us ing the milling knife . Thi s , being entirely 

manual , took 8 - 10 min per vat . After thorough mixing , 3 o r  4 

curd fingers were forced into a s ample bottle for pH 

measurement , and the remainder mixed with salt poured out o f  

the Erlenmeyer flask s tored ins ide the hoop . The curd was 

mixed again after 1 0 - 15  min and hooped after 2 0 - 25 min . The 

closed hoop was p laced at the back of the shelf . 
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The curd was pressed outside the vats . The rear door was 

opened and the hoop carefully p laced into a large cheese bag 

( PlOO , Wri ghtcels Ltd . , Feilding , N.Z . ) taking care that the 

hoop only touched the ins ide of the bag . The hoop , shrouded 

in its bag , was then placed in a vertical cheese pre s s  and 

pressed overnight at a pressure of 400 kPa us ing a 150 mm 

diameter ram . The cheese bandage was not tightened around the 

cheese ( dressed) after pres s ing was commenced . 

I . A . l . 8  Vat Cleaning . Following removal of the filled hoop s , 

the plant was rinsed wi th cold water to remove any remaining 

whey and curd particles , and the gloves were removed . The 

cutters and screens were placed on the bottoms of the vats and 

the agitators assembled . Caustic cleaner ( 1 . 5% )  and caus tic  

surfactant s o lution (Klenzade , Economics Labs . ,  Hamil ton , 

N . Z . ) were added to the vats and pas teurizer balance tank 

which were then fil led with water at around 7 0  C to levels 

j us t  above normal operating levels . The vat agitator s  and the 

pas teurizer pump were activated and the c leaner left 

circulating for at least 1 h .  The caus tic s olution was run to 

was te and the vats and pasteurizer thoroughly r insed with c o ld 

tap water . Areas of the vats not reached by the caustic 

s olution were scrubbed with soapy water and then both the 

ins ide and outs i de of the vats was hosed with a s team and 

water mix a t  around 100 C from a s team hos e . The outlet 

valves were left raised unti l  the vats were dry . The gloves 

were washed s eparately in warm soapy water , r insed and dried .  
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After the cheeses were removed from the hoops , the hoops 

were scrubbed with warm soapy water , s teamed and allowed t o  

dry. The bandages were washed separately in warm soapy water , 

r insed and dried . 

I . A . l . 9  Dehooping . Bagging and Maturing . After overnight 

press ing , the cheeses were dehooped and carefully placed 

ins ide cheese bags (P60 , Wrightcels  Ltd . , Feilding , N . Z . )  s o  

that the cheeses touched only the ins i de o f  the cheese bag . 

The cheeses were then moved to the laboratory and sampled 

us ing aseptic techniques .  The bags were heat sealed under 

vacuum , placed in insulated cheese boxes and then into e i ther 

the 10 o r  15 C maturing rooms . 

In experiments when half cheeses were matured ,  the dehooped 

cheeses were partially removed from the ir bags to enable a 

s terilized cheese wire to be drawn through the center of the 

b lock . The top half was then carefully placed into a second 

bag , again touching the cheese only with the internal surfaces 

of the bag . Both halves were then sealed under vacuum and 

placed in the maturing rooms . 

I . A . l . lO Compo s ition of the Cheeses . The compositions of 

cheeses made in each proj ect section are given in those 

results sections . Initial manufacture in the vats was aimed at 

ob taining the optimum agitation speed to maintain the curd in 

suspens i on and minimis e  fat losses . The optimum speed was 

found to be 75 rpm , which maintained the curd in suspens ion 
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after s ome whey had been expel led ( about 15 min after 

cutting) . A comb ination of manual agitation and increas ing 

proportions of mechanical agitation allowed the curd to become 

suspended with a minimum of fat loss  and fines produc tion . 

The compos ition of the milk , the whey expelled to the 

drying s tage , and the day old cheese from a typ ical 

manufacturing run i s  given in Table iv . Thi s  table also 

includes data obtained from an identical trial us ing milk o f  

the s ame batch in one o f  the Ins titutes open vats ( the ful l  

method o f  manufacture in the open vat i s  presented in Sect ion 

I I . 2 . 2 . 3 ) . 

S ince the s ame batch of raw milk was used to produce the 

pas teurized milk in both vats , there was no s ignificant 

difference in the composit ion of the vat milks . However the 

whey from the aseptic vats contained twice the level of fat 

( 0 . 6 5 against 0 . 34% ) as did the whey from the open vat . The 

total s o l ids difference of 0 . 3 2 %  reflected thi s  difference in 

fat content . The mineral content of the wheys was l ittle 

affected by the difference in fat content . 

In the cheeses after press ing ( at 1 day) the level of fat 

and moi s ture reflect the greater loss of fat from the asept ic 

vat manufacture . The aseptic vat cheeses were 3 %  higher i n  

mo i s ture and 3 . 5% lower i n  fat and , while the sol ids -not fat 

( SNF) difference was smal l , the difference in moi s ture in the 

non- fat sub s tance (MNFS) and the fat in the dry -matter ( FDM) 

reflected the differences in moi sture and fat . 
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Table iv . The compos ition of milk . whey and 1 day cheeses 
made in the aseptic vats and the open vats . 

Milk 
Av1 ov 

Whey 
AV OV 

Cheese  
AV OV 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Volume (L)  8 5  3 5 0  

Total sol ids ( % )  12 . 33 12 . 2 2 
Mo is ture ( % )  
Fat ( % )  4 . 15 4 . 01 
pH 6 . 5 9 6 . 6 1 
Casein ( % )  2 . 49 2 . 49 
Total Nitrogen (mM/kg) -

Sol ids not fat ( % )  

Calcium (mM/kg) 30 . 2  3 1 . 1  
Phosphate (mM/kg) 

Salt ( % )  
Salt in mo is ture ( % )  
Ca/SNF (mM/kg) 
MNFS ( % )  
FDM ( % )  

1 AV - Aseptic vat , OV - Open vat 
2 

- - not determined 

6 7  285  2 

6 . 42 6 . 10 
36 . 60 

. 6 5 . 34 33 . 50 
5 . 93 5 . 93 5 . 03 

. 12 7  . 13 9  
2 9 . 90 

13 . 20 13 . 60 174 
11 . 70 11 . 70  

1 .  7 0  
4 . 64 

5 8 2  
5 5 . 10 
5 2 . 90 

The differences in composition between the two cheeses 

3 3 . 80 
3 7 . 00 

5 . 08 

2 9 . 20 

173 

1 .  5 5  
4 . 5 9 

5 9 2  
5 3 . 60 
5 5 . 90 

appear to be due almo st entirely to a greater loss  in fat from 

the aseptic vats and consequently , in comparative experiments , 

efforts were made to ensure that the mi lk used in the aseptic  

vats was of a higher fat content . I t  was also encumbent on 

the operator to ensure that all p o s s ible care was taken to 

reduce curd damage ( and therefore additional fat los s )  

particularly at the init ial s tages o f  syneres is and agitati on . 
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I. A . l . ll Efficiency of the Des ign .  In order to estab l i sh the 

efficiency of the vat des ign it was necess ary to answer two 

questions : i )  could cheese be manufactured to an acceptab l e  

compos ition? and i i )  were contaminating organisms excluded? 

The results of comparative trials (Section I . A . l . lO ) , 

indicated that the compos ition of the cheeses was within the 

bounds of normal Cheddar cheese , although the vats caused a 

higher than normal loss of fat . This loss  of fat meant that 

the manufacture of aseptic vat cheeses required particular 

care to maximise the fat content of the milk , to minimize the 

fat losses , and to reduce the mo isture of the curd . 

The ab i l ity of the vats to exc lude contaminating bacteria 

was examined in Section I . A. l . 5 .  The most succes s ful prev ious 

des igns for large vats ( Chapman et al . ,  1966 ; Kleter , 1 9 7 5 )  

both involved the autoclaving of the vats . However swabbing 

of the vats and the incubation of UHT milk indicated that no 

NSLAB were resident in the vats even though they were not 

steri le . Thus the vats should be adequate for the manufacture 

of NSLAB - free cheese , however the manufacture of starter - free 

cheese would probably not be pos s ible , s ince the growth of 

starter in the milk helps to prevent the growth of undes i rab le 

contaminating organisms . 



I. A. 2 Manufacture of "NSLAB-free" Cheeses from 

Non-Aseptically Drawn Milk. 
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I . A . 2 . 1  Background . Milk , as secreted , doe s  not contain NSLAB 

( Kleter , 1974) , however , by the t ime the milk i s  received by 

the process ing plant , levels of NSLAB in the range of 100 -

1000 colony- forming units (cfu) /mL have been reported (Naylor 

and Sharpe , 1958 ; Perry and Sharpe , 1960 ; Sharpe and Mattick, 

1960 ; Franklin and Sharpe , 1963 ) . S ince i t  has apparently 

been pos s ible to manufacture NSLAB - free cheese from 

pas teurized , bulk milk ( Fryer , 1 96 8 ; Lowrie et al , 1974 ; Law 

et al , 1 9 7 6 )  i t  was decided to manufacture cheese aseptica l ly 

from pas teurized bulk milk . 

I . A . 2 . 2  Experimental Approach . Eight vats of cheese were 

manufactured in the aseptic vats during Apr i l  and May 1984 , 

from milk collected from the bulk s torage vat of one 

town- supply dairy farm . The comb ined night p lus morning ' s  

milk was run from the s torage vat into s teamed cream cans 

immediately after the comp letion of the morning milking . 

The eight vats of cheese comprised four repl icates with the 

cheese from one vat of each repl icate being matured at 10 C 

and the other at 15 C .  Each cheese was analysed for chemical 

composition at 1 day , and for bacterial count at 1 ,  14 and 3 5  

days and a t  2 ,  3 ,  6 and 9 months . 



34 

These cheese also formed the control cheese for a trial 

( Section 1 1 . 3 ) where various NSLAB cultures were del iberately 

added to the aseptically manufactured curd at mil l ing . In all, 

milk was col lected on 13 occas ions . 

I . A . 2 . 3  Milk Compos ition . The raw and pas teurized milk counts 

of the vari ous milks are shown in Table v. The mean values 

were calculated us ing the logari thm of the numeric count . 

The mean total count of the raw milks was 1 . 24*104 cfu/mL 

and of the pas teurized mi lks was 7 . 5*102 c fu/mL . The mean 

NSLAB count in the raw mi lks was 3 7 7  cfu/mL . While a mean 

NSLAB count on the pas teurized mi lks would be meaningless  

s ince logl-0 , counts of less than 1 cfu NSLAB in each o f  5 ,  50 

mL s amples were recorded on only 4 of the 1 3  days . When 

isolates of the surviving NSLAB were identified , the mos t  

common type was a heterolactic coccus - l ike organism which 

produced D - lactic ac id in mi lk and appeared to be s imi lar to 

Leuconos toc lactis . 

I . A . 2 . 4  Cheese Compo s i tion . The mean data for the cheese 

composition obtained from the analys i s  of variance i s  

presented i n  Table vi . The compos itional factors were a l l  

within the bounds of normally accepted Cheddar cheese in N . Z .  

except that the mois ture ( and hence the MNFS) were s l i ghtly 

higher than normal . Thi s  i s  a feature of the aseptically 

manufactured cheeses and would be expected to result in 

cheeses  which matured more rapidly . 
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Table v, Bacterial counts in 13 raw milks collected from the 
bulk vat of one town- su22l� dairy farm , and in the s ame milks 
after 2as teurization . 

Raw Milk Pas teurized Milk 
Coli1 Total NSI.AB Coli  Total NSI.AB 
( /mL) ( *10 - 3 ) ( /mL) (/lOmL) ( *10 - 2 ) ( /l OmL) 

( c fu/mL) ( cfujmL) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 90 7 . 3  130 <1 6 . 5  <1 1 1 <1 2 
<1 47 . 0  

2 720 2 . 2  390 <1 16 . 0  <1 1 <1 <1 <1 
<1 6 . 0  

3 270 40 . 0  4000 <1 42 . 0  <1 1 <1 86 4 
<1 7 9 . 0  

4 90 18 . 0  420 <1 9 . 0  <1 <1 <1 6 <1 
<1 8 . 0  

5 3600 13 . 2  1300 <1 3 . 3  <1 <1 5 <1 4 
<1 3 . 0 

6 2400 12 . 0  140 2 1 7 . 0  <1 13 <1 <1 <1 
<1 19 . 0  

7 200 4 . 2  44 <1 74 . 0  <1 <1 <1 <1 <1 
<1 4 . 7  

8 900 7 . 8  380 <1 3 . 6  <1 <1 <1 <1 <1 
<1 3 . 7  

9 1200 9 . 8  430 <1 3 . 5  <1 <1 <1 <1 <1 
<1 2 . 8  

10  1200 1 . 9  <1 3 . 8  <1 <1 <1 <1 <1 
<1 4 . 0 

1 1  740 14 . 0  <1 2 . 3  <1 1 1 <1 <1 
<1 1 . 7  

1 2  900 107 . 0  530 <1 4 . 7  <1 1 <1 <1 <1 
<1 4 . 0  

13 240 93 . 0  <1 5 . 4  <1 <1 <1 10 <1 
<1 9 . 3  

Mean 562 12 . 4  3 7 7  7 . 5  

+SD 1806 42 . 7  1 314 2 2 . 0  
- SD 175 3 . 6  109 2 . 6  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 Coli  - count on VRB agar , Total - Count on SM agar , NSI.AB 
- Count on LBS agar 
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I . A . 2 . 5  Bacterial Counts in the Cheeses . The log mean counts 

of NSLAB in the cheeses ( as computed by the analys i s  of 

variance) are presented in Fig 8 .  The NSLAB count in chees e s  

matured a t  15  C rose t o  a plateau of 1*104 cfu/g between 2 

and 3 months and. then continued to rise at a s lower rate to 

reach 3*107 cfujg by 9 months , whi le at 10 C the NSLAB count 

rose relatively s lowly to reach a plateau of 1*105 cfu/g by 

6 months . 

Table vi . Mean 1 day compo s ition of 15 cheeses made in the 
aseptic vats from non- aseptically drawn milk . 

Mo is ture ( % )  
Fat ( % )  
Calcium (mM/kg) 
Salt ( % )  
pH 
MNFS ( % )  
FDM ( % )  
SNF ( % )  
S/M ( % )  
CajSNF (mM/kg) 

36 . 72 
33 . 7 2 

180 
2 . 10 
5 . 19 

5 5 . 2  
53 . 3  
3 1 . 5  

5 .  72  
571  

I . A . 2 . 6  Conclusions. The raw milk NSLAB counts were s imilar 

to those reported previously ( Naylor and Sharpe , 1958 ; Perry 

and Sharpe , 1960 ; Sharpe and Mattick , 1960 ; Frankl in and 

Sharpe , 1963 ) . Since all were apparently not killed by 

pas teurization and grew in the control cheese during 
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Figure 8 .  Growth of NSLAB organisms in control cheese s  made 
in the aseptic vats from non- aseptically drawn milk . Cheeses 
were made in the aseptic vats from pas teurized milk obtained 
from the bulk tank of one dairy farm . The count of NSLAB 
organisms in the cheeses was determined over the 9 month 
maturing t ime at either 10 C or 15 C .  0 - 0  cheese matured at 
10 C ;  • - e cheese matured at 15 C .  
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maturation , a proj ect on the ir des truction b y  heat was 

commenced ( Section I . A . 3 )  leading to the use of aseptically 

drawn milk for cheesemaking (Section I . A . 4) . 



I . A. 3 A Microbiological Specification For Milk For 

Aseptic Cheesemaking . 
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I . A . 3 . 1  Background . By the time milk i s  received by the 

proces s ing plant , the level of NSLAB i s  normal ly in the range 

of 100 - 1000 cfu/mL (Naylor and Sharpe , 1 9 5 8 ; Perry and 

Sharpe , 1 9 60 ; Sharpe and Mattick , 1960 ; Franklin and Sharpe , 

1963 ) .  In order to obtain NSLAB - free milk for the manufacture 

of NSLAB - free cheese , either the NSLAB mus t be prevented from 

entering the milk or the NSLAB mus t be removed .  

A numbe r  of investigators have s tudied the des truction o f  

NSLAB b y  heat. Evidence has been obtained that very smal l  

percentages of some NSLAB cultures can survive typ ical 

commercial pas teurization treatments ( Slater and Halvors on , 

1947 ; Perry and Sharpe , 1959 ; Franklin and Sharpe , 1963 ; 

Franklin , 1 9 6 5 ; Fryer , 1968 ) .  Despi te thi s  evidence of 

thermal s tability ,  s ome invest igators have apparently been 

able to manufacture cheese aseptically from pasteurized bulk 

milk and find no NSLAB contamination ( Lowrie et al , 1974 ; Law 

et al , 1 9 76 ) . Other investigators have reported occas ional 

contamination us ing s imilar experimental conditions . In 

contrast , to manufacture NSLAB - free Gouda cheese , Kleter and 

Vries ( 19 7 4 )  needed pasteurized milk asep tically drawn from 

selected cows . 

Clearly there are uncertainties concerning the conditions 

that must be met in order to produce NSLAB - free milk for 

aseptic cheese manufacture. For thi s  reason , and following a 
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period where organisms identified a s  Leuconostoc lactis were 

isolated from the pas teurized milk , a study was undertaken to 

determine the heating conditions required to kill NSLAB and 

thereby es tablish whether it is necessary to use aseptically 

drawn milk to manufacture NSLAB - free cheese . 

I . A. 3 . 2 Methods . 

I . A . 3 . 2 . 1  Cul tures . Pasteurization experiments were conduc ted 

us ing pediococci , leuconos tocs and lactobac illi inoculated 

into s terile chil led recons tituted skim milk (RSM) . Prior to 

each experiment a working culture was grown for 24 h at 30 C 

in MRS broth ( Man , Rogosa and Sharpe liquid medium , Man 

et al , 1960) and 0 . 1  mL was inoculated into 10 mL of Yeast 

Glucose Litmus Milk (YGLM , Wheater , 1955 ) which was then grown 

at 30 C until clotted ( 24 - 48 h) . One mL of the clotted 

cul ture was inoculated into 100 mL of YGLM which was incubated 

at 30C for 40 - 48 h .  However ,  if the culture clotted YGLM in 

24 h ,  it was employed at that time . 

The YGLM culture was used to inoculate 3 L of autoclaved , 

reconsti tuted skim milk ( 3 %  inoculum) which had been chil led 

to 4 C .  The inoculated milk was held at 4 C during the course 

of the experiment (< 4 h ) . 

I . A . 2 . 2  Pas teurizer . Three hundred mL volumes of chil led 

culture were pas teurized at various temperatures and for 

various holding times in a plate pasteurizer ( Franklin , 

1965 ) . The operating conditions were s imilar to those 

employed by Franklin except that the plate was cleaned each 

day by soaking with alkali and was s terilized by overnigh t  
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treatment with Iodophor .  Sterile RSM samples were poured into 

the plate at the begining and end of each run to check for 

contamination . 

I . A . 3 . 2 . 3  Plate Counting . The bacterial count o f  s amp les 

before or after heating was determined after serial diluti on 

o f  the sample in Ringers di luent and pour plating with MRS 

Agar (Man et al , 1960 ) . 

Plates were incubated aerob ically at 30 C for 3 6  - 7 2  h ,  

depending on s train requirements . For L . casei NCDO 1 6 1 , heated 

cultures gave variable colony s izes on MRS agar . The omi s s ion 

of c itrate combined with anaerob ic incubation improved the 

recovery of inj ured cells . However thi s  modification was 

unnecessary with the o ther s trains . 

I . A . 3 . 3  Results . 

I . A . 3 . 3 . 1  Target Level for the Destruction of NSLAB . With any 

sys tem of bacterial des truct ion ( such as pas teurization)  there 

is a s tatistical probab i l ity that s ome individuals may 

survive . I t  i s  therefore important to define the maximum 

tolerable level of survival . For the purposes of the present 

s tudy , thi s  was 1 per 10 kg of cheese , as even if every 

survivor grew to 108 individuals ( i . e .  104 c fu/g cheese ) ,  

each colony would be fixed within the block and the l ikel ihood 

that it would influence the flavour and texture of the greater 

mas s  of the whole cheese would be negligab le . Since Cheddar 
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cheese curds are concentrated by a factor of about 1 0  during 

whey removal ,  a level of 1 NSLAB per 100 kg of pas teurized 

milk is equivalent to 1 NSLAB per 10 kg of cheese . 

Level s  of NSLAB in good quali ty raw milk have been reported 

around 1000 cfujmL (Naylor and Sharpe , 1958; Perry and Sharpe , 

1960; Sharpe and Mattick , 19 60; Franklin and Sharpe ,  1963 ) ,  

therefore , a target des truction level o f  108 would be 

required to produce "NSLAB - free " pas teurized milk from bulk 

raw milk . 

I . A . 3 . 3 . 2  Survival Following Heating for 15 s .  The e ffect of 

heating at various temperatures for 15 s ( the minimum holding 

time used in commercial pas teurization) was used as a 

screening tes t  for thermal sens itivi ty . The effect on the 

count of L .  plantarum 8014 is illus trated in Fig 9 .  There was 

l ittle decrease in count below 58 C ,  and 108 reduct ion in 

count was obtained by 68 C .  The data for 2 1  o ther cultures 

are shown in Table vii . At 72 C ,  15 s was sufficient to 

achieve at least a 108 reduction in count for 13 cul tures , 

compris ing all the leuconostocs except Leu . lact i s , and s ome 

pediococci and lac tobac i l l i . However , 8 s trains had less  than 

108 reduction , with the leas t sens itive ( L .  casei  NCDO 1 6 1 )  

only reduced by 103 . 5 . These values compare with reported 

levels of des truction during pas teurization of 104 t o  106 

by Franklin ( 19 6 5 )  us ing Pediococcus 989  and by Fryer ( 19 6 8 )  

us ing an L .  casei var . casei isolate . 
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Figure 9 . Thermal death of L .  p lantarum 8014 . Sterile 
recons tituted skim milk at 4 C was inoculated with culture and 
then 300 mL aliquots were heated at various temperatures and 
held for a constant time of 15 secs in a laboratory plate 
pasteur izer . 
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Table vi i .  Thermal death of NSLAB cultures inoculated into 
RSM and held for 15 s at temperatures between 50 and 80 C .  

Number o f  Culture 
logs temperature 
reduct ion at 15 s 
in count for 8 logs 
in 15 s reduct ion 

Culture Name Designation at 7 2  C in count 

Leu mes enteroides NCDO 5 2 3  15 65 
Leu paramesenteroides NCDO 803  16  6 6  
Leu dextranicum NCDO 5 2 9  14 6 6  
Leu dextranicum NCDO 8 1 2  1 4  6 6  
Pediococcus pentosaceus NCDO 9 9 0  12  69  
L .  plantarum ATCC 8014 12  68  
Pediococcus pentosaceus NCDO 1850 11 . 5  6 9  
Homolactic lactobaci l lus 38 10 . 5  6 8  
Leu cremoris  NCDO 543 9 70  
L .  fermentum ATCC 9 3 3 8  9 7 2  
Homolactic lac tobac illus 45 9 7 2  
L . brevis NCDO 1749 8 7 2  
L .  cas e i  var . rhamnosus ATCC 746 9 8 7 2  
Homo lactic lac tobac illus 43 7 . 5  7 2  
L .  fermentum ATCC 6 9 9 1  6 . 5  74 
Heterolactic lactobacillus 2 6 . 5  74 
Leu lac t i s  NCDO 5 3 3  6 7 5  
pediococcus 3 9  6 . 5  7 5  
Pediococcus pentosaceus NCDO 1220 5 . 8  7 5  
Homolactic lactobaci llus 44 7 7 5  
L ,  casei  var . casei NCDO 161  3 . 5  8 3 1 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 Recovered anaerob ically on MRS agar without c itrate , s ince 
thermal ly inj ured cells of thi s  s train ( unl ike the o thers ) 
were inhib i ted by the high citrate l evel s  in standard MRS . 

I , A , 3 , 3 . 3  Thermal Death Kinetics o f  Selected Strains . Death 

kinetics are usually characterized as the D value - the t ime 

taken to reduce the count of a culture 10 fold at a specified 

temperature ( Davis et al , 196 8 )  - and the Z value - the change 

in temperature required to increase the D value 10 fold 

( Slater and Halvorson, 1947 ; Ingram , 1969 ) . Two cultures ,  

with different thermal sens itivities , were s elected for more 

detailed examination . The reduction in count was measured at 
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different holding times and temperatures . The resultant D 

plots ( i . e .  log count versus time at fixed temperature )  were 

l inear . Z plots ( i . e .  log D versus temperature )  were 

non- l inear and indicated a reduction in the rate of kill with 

increas ing temperature ( Fig 10) . Z -values were obtained from 

the slopes of the Z-p lots . For L . plantarum 8014 , the curve 

gave a Z -value at 54 C of 5 . 0  C while at 68 C the value had 

r isen to 9 . 0  C .  For L .  casei , the Z -value at SS C was 2 . 4  C 

r i s ing to 1 1  C at 75  C .  

Non- l inear Z -plots are wel l  known with vegetative cells 

( Brown and Mel l ing , 1971 ; Moats , 1 9 7 1 ; Moats et al , 1 9 7 1 ) , and 

curves are postulated to be due to a mixed population . In the 

present work , any mixture of sens itivities could not be 

genotypic s ince for both strains , s ingle colony isolates o f  

high temperature survivors were no more sens itive than the 

original culture ( data not shown) . 

I . A . 3 . 4  Conditions Required to Obtain "NSLAB - free " M i lk .  The 

least sens itive NSLAB strain tes ted ( L .  casei 1 6 1 )  would 

require temperatures in excess of 83 C for 15 s to achieve a 

108 reduction in count . Calculating from the D -value at 7 2  

C ,  a holding time in excess o f  5 8  s would b e  required to 

achieve the s ame reduction in count . Both these conditions 

far exceed the thermal treatments used in commercial practice 

and introduce the pos s ib i l ity of protein denaturation which 

would be detrimental to coagulation and syneres is during 

chee semaking . Since there are NSLAB which survive 
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Figure 10 . Z -values of two representative NSLAB cultures . 
Two cultures , representative of the range of thermal 
sens itivities were selecte d .  The D values ( t ime i n  s e c s  for a 
decrease in count o f  1 log i . e .  90%)  were de termined at 
various temperatures and these data were plotted to determine 
the Z values ( temperature change required to change the D 
value by 1 log i . e .  90% ) : 0 -0 , L . plantarum 8 014 ; 
b. - A L . casei NCDO 161 . 
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pas teurization , aseptic milking of the cows was used when 

obtaining milk for all furthur experiments with the asep t i c  

vats . The methods for aseptic mi lking and the proof that milk 

was NSLAB - free are reported in Section I . A . 4 .  



I . A . 4  As eptic Milking and the Proof of NSLAB - free 

Conditions . 
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Since cheeses made from milk collected from the farm vat 

became contaminated with NSLAB ( l . A . 2 )  and NSLAB can survive 

pas teurization ( l . A . 3 ) , all further cheeses were made from 

milk drawn aseptic�lly . This chapter describes the methods 

for obtaining aseptic milk and presents the bacterial counts 

found in those  mi lks and in cheese - l ike " s lurries " made from 

them . 

I . A. 4 . 1  Aseptic Milking Procedures .  

I. A . 4 . 1 . 1  Methods . 

Cows . Milk was obtained aseptically from cows of the Dairy 

Cattle Research Unit , one of the seasonal supply herds of 

Mas sey University .  Be tween 8 and 1 2  cows were mi lked for each 

cheesemaking trial , the number depending on the volume of milk 

be ing given at that s tage of lactation . Two sequential 

collections were made , on the night preceding the day of 

manufacture and on the morning of that day . 

Equipment . The milking equipment cons isted of two complete 

sets of milking cups and test buckets . The claw p ieces were 

s tainless s teel to enable autoc laving and the rubberware was 

heat tolerant butyl rubber (Re id Milkerware , Re idrubber Ltd . , 

Auckland , N . Z . ) .  
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Sterilization . The assembled cups and rubbe r  tub ing were 

wrapped in Kraft paper . The l ids of the tes t  buckets were 

secured with autoclave tape and the tube fittings fil led with 

cottonwoo l  and covered with microb io logical tube closures . 

Al l were then autoclaved at low pres sures ( 7 - 9 ps i ,  >110 C )  

for 30  min . Higher pressures were avoided to prevent 

exces s ive deterioration of the rubberware . The mi lking 

equipment was as sembled and each unit attache d  to the plant in 

place of one of the normal milking cups . 

Preparation and Milking of the Cows . The cows were prepared 

fol lowing the method of Kleter and Vries ( 19 7 4 )  except that 

there was no preliminary microbiological screening of the c ows 

prior to milking . All the cows were kept as part of the 

milking herd except that , during milking of the herd , tho s e  

selected for aseptic milking ( identi fied with coloured 

collar s )  were separated into a s ide yard as they presented 

themselves at the bails . After milking of the herd was 

completed and the equipment cleaned , the " as eptic group " were 

brought to the bails and milked . 

The cows were milked in four bails of an internal race 

walk- through shed . Whi le two animals were be ing milked , the 

two bes ide them were be ing prepared . The udders were fir s t  

washed with warm untreated tap water to soften and remove 

gro s s  contaminating material . They were then further washed 

with iodophor treated water to remove any last traces of dirt 

and begin sterilization of the skin . Particular attention was 

paid to the s ides and tips of each teat . Fina l ly , after 
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approximately three minutes ,  the teats were wiped us ing paper 

towe lettes soaked with 95% indus trial alcoho l . Thi s  served to 

dry the teats and provide further s teril ization . Wherever 

pos s ible , the mi lking cups were attached within one to two 

minutes of the alcohol treatment . 

The cups were attached to each s terilized udder in turn . No 

attempt was made to res terilize the cups between each cow . 

The maximum number of cows milked through each set of cups at 

each milking was seven. 

Between individuals ( as required) the tes t  buckets were 

emptied by pouring the milk into pres teril ized ( 12 1  C/15 min) 

45 1 aluminium cream cans fitted with overhanging l ids . 

Before milk transfer , the l ips of the test buckets were 

s teri l ized by wiping with alcohol .  

Milk collected in the evening was chi lled at 4 C and he ld 

overnight at that temperature by immers ion of the cans in 

thermos tatically controlled chil led water baths . Milk 

collected in the morning was not chi lled before use . 

I . A . 4.1 . 2  Bacterial Count in Aseptically Drawn Milk . The mean 

bacterial counts of all 48 raw ,  asept ically drawn milks t aken 

over three seasons , are shown in Tab le vi i i .  The raw milk 

total count averaged ( log mean) 5 . 2 6*103 c fu/mL and the 

count o f  micrococci and s taphylococci averaged 1 . 6 8*103 

cfu/mL . Low numbers o f  coliform organisms were detected , 

averaging 44 c fu/10 mL and on 1 7  occas i ons some organisms grew 
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Table vii i .  Mean bacterial counts from 45 aseptically drawn 
raw milks col lected over three manufacturing seas ons . 

Agar Log mean count +s . d . l - s . d . 

Raw Milks 

Coliforms (cfu/lOmL) 
Total Count ( cfu/mL) 
Micrococcus ( c fu/mL) 
NSIAB ( cfujlOmL) 

Pas teur ized Milks 

Colifo rms ( cfu/lOmL) 
Total Count (cfu/mL) 
Micrococcus ( cfu/mL) 
NSIAB 

(VRBA) 2 

(SMA) 
(BP) 
( LBS) 

(VRBA) 
(SMA) 
(BP) 
( LBS) 

0 . 7 5 
5 . 26*103 

1 . 68*103 

0 . 14 

5 . 2 8 
21 . 6  

3 . 5 8 
0 . 2 7 

0 . 11 
1 .  2 8  
0 . 73 

0 . 0 7 

N/A3 N/A3 

44 . 2  0 . 38 
Absent (<1 ) 

4 . 11 
0 . 15 0 . 39 0 . 06 

in all 5 ,  10 mL 
samples on 46 of the 
48 days . 

<1 

1 s . d .  = s tandard deviation 
2 N/A = not applicable . Since there were no colifo rms �resent , s tatistical analys is was impos s ible . 

VRBA = violet red b i le agar ; SMA = s tandard methods agar ; 
BP = Baird Parker agar ; LBS - lactobac illus s election agar . 

on LBS agar . These were contaminants growing with the 

presence of the milk sol ids in the agar and did not grow in 

MRS broth at 30 C when isolated . 

After pas teurization at 72  C for 15 s ,  the log mean of the 

total and micrococcus counts in the vat milks had dropped to 

4 . 1  cfu/10 mL and 1 . 5  cfu/10 mL respective ly .  No coliform 

organisms were de tected in 10 mL of vat milk and on only two 

occas i ons were any NSLAB organisms found in 5 ,  10 mL s amples 

o f  pas teurized mi lk. 
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I . A, 4, 2  Bacterial Counts in " Slurries " Made from Aseptical ly 

Drawn Milk . 

In order to determine whether NSLAB exis ted in the 

aseptically drawn milks at such l ow leve ls as to be 

unrecoverable by direct plating on LBS agar , a number of 

trials were conducted where " s lurries " were made directly from 

the aseptic milk and incubated at 30 C .  The method developed 

was a modification of the s lurry method of Kris toffersen e t  

al . ,  196 7 . Whereas Kri s toffersen made s lurries to 40% total 

sol ids from pres sed cheese curd on the day after manufacture , 

this new method avo ided the cheese vat completely in order to 

determine the NSLAB loading of the milk alone . 

I . A . 4 . 2 . 1  " Slurry" Manufacture . " Slurries " were made in 

presteri l ized ( 121  C/15 min) 1 l itre polycarbonate bottles 

(Nalgene , Cole Parmer Ins trument Co . ,  Chicago , I ll . , USA) held 

in a temperature controlled water -bath , from 1 L of milk 

(either raw aseptic ; pas teurized ( 6 2 . 5  C/30 min) aseptic ; or 

pas teurized ( 7 2  C/15 s )  factory milk) . To 1 L of mi lk at 3 2  C 

was added 2 1  mL of s tarter ( 1 : 2  by volume of coagulated 

cul tures of S .  cremoris  584 and S .  cremoris 134) fol l owed by 

0 . 16 mL of rennet (N . Z .  Standard s trength) . After 40 min for 

coagulation , the curd was cut with a presteriliz ed ( 12 1  C/15 

min) spatula into columns approximately 10 mm square . The j ar 

was shaken after clos ing the lid . The curds and whey were 

cooked to 3 8  C over 40 min us ing a temperature controller of 
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the same des ign as those on the aseptic vats , attached to the 

water -bath heater . When 3 8  C had been reached , 400 mL of whey 

was poured o ff and 250 mL of s terile water added to reduce the 

lactose content of the curd . The curd and whey was then held 

until 2 h 50 min after s tarter addition with slow cooling to 

36 C .  During cooking and holding , the j ar was shaken 

approximately every 15 min to ensure that the curd did no t mat 

on the bottom . 

At 2 h 50 min after s tarter addition ,  the whey was removed 

( " running" )  and the curd allowed to " cheddar" on the bottom o f  

the j ar .  At approximately 15 min intervals ,  the curd block 

was gently inverted in the bottom of the j ar ,  and any surp lus 

whey was removed .  Only enough whey was removed to reduce the 

mo isture content of the final " s lurry" to 60% . 

One hour and 5 0  min after running , the curd was cut with a 

spatula and moved from the j ar into a 250mm * 200mm cheese bag 

( C20 , film 9502 , Wrightcel , Fe ilding , N . Z . ) . Sal t  ( autoclaved 

at 121 C for 15  min) was added to a sal t - in- mo i s ture content 

of 5% ( approx . 5 . 4  g) , and the contents thoroughly mixed . The 

salted curd was then divided between 5 cheese bags which were 

sealed under vacuum and incubated at 30 C in an air 

incubator . Each day the bags were squeezed to mix the 

contents , and the contents of a separate bag were analysed at 

each samp l ing t ime . 
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I. A . 4. 2 . 2  Bacterial Counts in the " Slurries " .  The results of 

one of a number of trials involving the manufacture of 40% 

sol ids " s lurries " from aseptically drawn milks are shown in 

Fig 11 . In the " s lurry" made from the raw aseptically drawn 

milk , ne ither NSLAB nor coliform o rganisms were detected even 

after 10 days at 30 C .  The count of micrococc i rapidly 

increased to levels around 107 cfu/g at 1 day and plateaued 

at around 106 cfu/g . The apparent count of starter 

organisms (total count on Ml7 agar , Terzaghi and Sandine , 

1975 ) rapidly dropped in the first few hours and then more 

slowly unti l  reaching levels s imilar to the micrococc i .  

In s lurries made from aseptically drawn milk - pasteurized at 

62 C for 30 min , no col iform or NSLAB organisms were detected 

and the growth of the micrococci was delayed due to their 

initially lower count . The count of starter organi sms 

decreased to l ower levels than in the raw milk s lurries 

reaching levels of 104 cfu/g by 10 days. 

For comparison,  milk from normal factory supply , and 

pasteurized in a commercial pasteur izer was also made into 

s lurry us ing the same aseptic techniques . While no coliform 

organisms deve loped , the count of NSLAB increased s teadily 

throughout the incubation period , reaching level s  of 107 

cfu/g by 10 days . The micrococcus count , while initially at 

least 10 times higher than in the pasteurized aseptically 

drawn milk , did not rise to more than 10 cfu/g through the 

incubation perio d .  The starter count was s imilar to that found 

in the s lurry from aseptically drawn milk . 
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Figure 1 1 . Counts of s tarter , NSLAB and micrococcus organisms 
in " s lurries " made under s trict aseptic laboratory 
conditions . Bacterial counts were determined in " s lurr ies " 
made from e i ther raw or pasteurized ( 62.5 C/ 30 min) 
aseptical ly drawn milk and from bulk , commercial raw milk HTST 
pas teurized in the Ins ti tute ' s  proces s ing hal l . 0 -0 s tarter 
count ; A-A micrococcus count ; e -e NSLAB count . 
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I . A . 4 . 3  Conclus ions . To achieve the target of less than 1 

NSLAB organism per 10 kg of cheese curd ( l . A . 3 . 3 . 1 ) , allowing 

for a maximum survival of 10 - 3 on pas teurization , requires 

the absence of NSLAB in 100 mL o f  raw milk . The absence o f  

NSLAB from " s lurries " made from 1 L of unpas teurized raw milk 

showed that the mi lk , drawn with the relatively s imp le 

precauti ons described , adequately met the NSLAB 

specification . However ,  if the experimental aim were to 

produce s tarter - free cheese , i t  would be necess ary to rever t  

to the more s tringent precautions used by Kleter and Vries 

( 1974) . 

The absence of NSLAB from the " s lurrie s "  made from 

aseptically drawn milk also showed that the var ious additives 

required during the cheese -making process were also free from 

NSLAB contamination . These included the s tarter culture 

( absent in 21 mL) , rennet ( absent in 16 mL) , salt ( ab sent in 5 

g)  and cheese bags ( absent in 0 . 05 m2 of internal surface 

area) . 



I . B .  Methods for Texture and Flavour Analys is 

of the Cheeses . 
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The texture and flavour of the cheese made dur ing thi s  

proj ect was as sessed us ing a panel s elected , trained and 

maintained for this proj ect . The panel was o rganised by the 

s taff of the Produc t Use and Evaluation Section , NZDRI , under 

the guidance of Dr H . R . Cooper . 

I . B . l  Introduction . The assessment of cheese quality in terms 

of its texture and flavour has tradi tionally been the preserve 

o f  certificated graders with l ong experience . However , at 

leas t in Aus tral ia and New Zealand where cheese has 

traditionally been graded at a young age prior to export , i t  

has been recognised that " traditiona l "  organoleptic grading 

does not accurately predict the final flavour ( Loftus -H i l l  and 

Si lcock , 1970 ; Scott , 1974; Marshal! and Waugh , 19 7 8 ; 

McBride , 1 9 7 9 ) . Indeed it has been recognised that 

traditional flavour grading is mainly to " ensure that the 

cheese is free from obj ectionable flavours " ( Pearce and 

Gilles , 1 9 79 ) . While thi s  form o f  assessment i s  quite 

sui table for the screening of export products , cheese 

researchers have recognised the need to deve lop procedure s  

that identify different flavours and t o  quantify the ir 

intens ities (Morris , 1 9 78 ) . 
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Attribute identificaton and quantificat ion has been a 

developing preoccupation among Food Technologists working with 

a range of products . This has deve loped as the l imitati ons of 

preference - type hedonic scal ing methods have become apparent . 

These l imitations are particularly obvious when attempting to 

predict the acceptabil ity of products to cus tomers with 

different ethnic origins and perceptions . Thus the concept of 

flavour profil ing developed,  where different components of the 

total flavour were identified and recorded . Some obj ectiv i ty 

was gained by category scaling , where the taster used words or 

numbers to describe the attributes of the product . 

The flavour profile was deve loped by Cairncross and Sj o s trom 

( 1 950)  who s ought a method to rel iab ly detect small 

differences in food flavours when s odium monoglutamate was 

added . The common procedures of the time (mainly 

preference - type) were woefully inadequate s ince the difficulty 

in interpretation meant that small differences in flavour 

could not be reliab ly de tected . The flavour profile method 

attempts to iso late components of the total flavour of the 

produc t , and to ass i gn a value to the intens i ty of each 

identified component . Sj os trom et al ( 1957 ) in reviewing 

the ir pub l ications on the subj ect ,  po inted out the essential 

feature of the profile metho d ,  that the pane l i s ts are trained 

to analyse the flavour components of the product . They do not 

attempt to express a preference or j udgement on the product .  

The interpretation of the results as to which samples are 

"better " is a separate function . 
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The mos t  advanced vers ion of flavour profil ing methods i s  

currently the Quantitative Descriptive Analys i s  ( QDA) sys tem 

( Stone et al , 1974) . The mos t  important features o f  thi s  

profil ing sys tem are the use of a 6 inch anchored l ine for 

measuring the attribute intens ities , and the collection o f  

multiple j udgements in a controlled environment . While the 

panelist  training and sample preparation methods used in thi s  

thesis have borrowed heavily from the QDA system , the 

preference of the panel ists for the use of a numer ical scoring 

sys tem ( Section I . B . S ) means that the method used could mos t  

closely be described as a flavour profile method rather than a 

QDA method .  

In thi s  proj ect , where the aim was to discover whe ther NSLAB 

contributed to the generation o f  flavour in Cheddar cheese , 

flavour profil ing was used rather than the more traditional 

grading procedures , s ince it would be poss ible to obtain 

evidence on which specific attributes were enhanced . With 

thi s  knowledge , i t  should be p o s s ib le to indicate what type s  

of biochemical reactions were being catalysed by the presence 

of NSLAB organisms . 

I . B . 2  Details of the Conditions for Sample Assessment . 

Locati on . The trial ists for training as pane l i s ts made thei r  

asses sments i n  the individual panel booths in the Ins titute s  

panel room . Training was mainly as " round - t able " sess ions in 
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the round- table room gradually trans ferring to ful l bl ind 

as ses sment in the panel booths , while all the actual sample 

asses sments were made in the individual booths . 

Sample Handl ing . Samples were allocated a random 3 - digit 

number on their arrival at the preparation room . Individual 

cubes of 15*15*15 mm were cut from the cheese or in the case 

of plugs , each plug was cut into lengths of 5 mm . These 

individual segments were placed back in their bags and 

tempered at 12 C for 1 h before tasting . 

Immediately before the panel ses s ion ,  individual s amples 

were placed into wax coated paper cups ( Lily cup s , Wins tone 

Merchants , Auckland , NZ ) bearing the ramdom sample number . 

The required cups were placed onto a tray along with a 

polys tyrene cup of pure tap water and a plate with a s lice of 

fresh whi te bread for the panelists to use at thei r  discretion 

for cleans ing the palate . 

Al l assessments were made under p lain whi te l i ghting , s ince 

sample colour was not highly variable . 

I . B . 3  Selection of the Panelists . Since not all individuals 

are equal ly sens itive to all the flavour attributes present in 

cheese , a large number of people were s creened for the ir 

ab i l i ty to detect the differences between var ious cheese 

samples . The technique of " reforming" cheese at the s ame 

composition as the original cheese was used to prepare samples 

with varying intens ities of one of a number of attributes . 
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I . B . 3 . 1  Manufacture of Reformed Cheese . Rindless Cheddar 

cheese of vari ous ages was se lected and the surface 10 mm 

removed . The cheese was then cut into fingers ( approximately 

30*30*200 mm) and minced through a worm mincer ( EB20F, 

Cryp to - Peerless ,  London , UK) with a 4 b lade cutter and an 

extrus ion p late with 5 mm diameter holes . 

The required portions of cheese or additive were we ighed 

into a Z -mixer ( C&H type SV) and a vacuum o f  300 mBar was 

drawn for 2 min prior to mixing . The cheese was mixed for 1 

min at lOO rpm . Following a further 1 min under vacuum the 

mixer was opened and emptied into a hand - cranked s ausage 

extruder and the mixed cheese extruded through a 13 mm 

diame ter nozzle into clear sausage cas ings 300 mm long and 30 

mm in diameter . The cas ings were tied off and put into a 4 C 

refrigerator until required for the pane l . 

I . B . 3 . 2  Sample Preparation and Pres entation . The sample 

s ausage was opened and the edges removed to make cubes of 15  

mm s ide which were placed into plastic whirl - top bags 

(Whirl - pak , Nasco, Fort Atkinson , Wis . , USA) . 

I . B . 3 . 3  Experimental Method .  The trial i s ts were required to 

make triangle tes t  assessments of 16 sample sets containing 

three s amp les ( two identical and one different ) presented two 

at a t ime over 8 days . The s ample pairings are shown in Table 

ix . 

Each trial i s t  s ampled at least 14 of the 16 triangle sets . 

The 1 6  trial i s ts with the highes t  correct scores were selected 

for training as the QDA panel . 
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Table ix . Samples of reformed cheeses used for panel 
screening . 

a) Reformed Cheeses Made . 

b )  

Code Description 
2M 2 month cheese 
C33 33% s trong cheese in 2 month cheese 
Cl6 16% s trong cheese in 2 month cheese 
CB B %  s trong cheese in 2 month cheese 
T Strong cheese ( over 9 months o ld) 
S 2 month cheese plus added salt ( Sg/kg) 
Bl 2 month cheese plus b itter peptides ( 3 g/kg) l 

Bh 2 month cheese plus b itter peptides ( lOg/kg) 
lM 1 month cheese 
50 50% 6 month cheese in 1 month cheese 
6M 6 month cheese 

Triangle Tes t Comb inations for Panel 

Triangle 1 Triangle 2 

Screening . 

Day 1 2M - C33 C33 - CB 
2 2M - CB 6M - lM 
3 2M - Bl lM - s o  
4 so - lM s - 2M 
5 lM - Bl C33 - Cl6 
6 C33 - Bh lM - Cl6 
7 C33 - lM Bh - Bl 

1 Bitter peptides - Bitter UHT milk freeze - dried and added 
as powder plus water to maintain the original ratio of 
mois ture to non- fat solids . 

I . B . 4  Panel Training . Following selection , the chosen 

panelists  partic ipated in round- table training s e s s ions 

s ampling a variety of different cheeses , and part icularly, 

s ampling Cheddar cheeses with a wide range of compos it ions and 

at a wide range of ages . Hence there was a wide range o f  both 

texture and flavour . 
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For the round table sess ions , each pane l i s t  assessed a 

s ample and then the results were shared and discus sed around 

the group with the panel coordinator , Dr . Cooper acting as 

Chairpers on . The proj ect leader attended mos t  o f  the s e s s i ons 

but only as a resource person not as a director . I t  was 

decided that the panel should , as much as pos s ible , come to 

the ir own deci s ion as to the name , number and definition o f  

the attributes both of texture and flavour of the cheese . 

After much tasting and discus s ion ,  a l i s t  of attributes was 

defined , and the panelists proceded to a scale comparison test 

under fully bl ind- tas ting condit ions . 

I . B . S  Scale Comparison . Twelve cheese s amples were divided 

into two groups of s ix ,  group 1 compris ing three very 21ld 

cheese and three aged cheese giving a wide spread o f  

intens ity , and group 2 compris ing 6 cheese with only two to 3 

months maturity difference giving a small spread of 

intens i ty .  Each group o f  cheese samples was sub - divided into 

two groups of four ( i . e .  two dupl icate samples per group ) and 

presented to the panel on two occas ions . The panel was asked 

to score the texture and flavour attributes one day on a 

category scale and the following day on a l ine scale . In thi s  

manner there were 16 s amples analysed by both scal ing sys tems . 

The data was analysed by twoway analys i s  of variance o f  the 

pane l i s t  and s ample effects for the dai ly data , the data for 

duplicate s amples and the overall data of all 1 6  s amples .  The 

pane l i s t  variation was in all cases either the s ame for b o th 

s cal ing sys tems or very s l ightly less  for the category scale . 
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S imilarly , for the attribute intens i t ies , only very minor 

differences in favour of the scaling sys tem were found . A s  

there were only s l ight differences between the methods and the 

panel preferred to use a catego ry scale , that method of 

scoring was util ized for all further analyses . Thi s  dec i s i on 

e ffectively produced a flavour profil ing method rather than a 

QDA method where the responses are recorded on an anchored 

l ine . 

The l i s t  of attributes was changed once during the proj e c t ­

t o  separate the attribute "Re s i dual Mouthfee l "  into two 

attributes "mealy/curdy" and " gritty/sandy " . The final l i s t  

of attributes and the ir defini t ions i s  given in Tab le x ,  and a 

copy of the score sheet is presented in Table xi . 

I . B . 6  Data Analys is . The individual tas ters results were 

entered by s taff of the Product Use and Evaluation Section 

into a computer (Vax-VMS , Digital Equipment Corporation , 

Marlboro , Mas s . ,  USA) for data analys is by Analys i s  of 

Variance (Anova) . The Anova analyses of s amples from the 

individual experiments at each s ampl ing time were performed by 

the PUES s taff particularly in order to monitor panel 

performance . The comb ined data for all s ampl ing t imes was 

collated by the proj ect leader us ing coded entry to the Anova 

programme . 



Table x. Cheddar cheese panel attribute termino logy . 

To evaluate texture , take a b ite out of the cheese s amp le 
approximately 15*15*15 mm .  Then measure the fo llowing 
attributes :  
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Firmne s s : The amount of force required to take the firs t b ite 
of cheese ,  as ses sed us ing the front teeth . 
Rubberiness : The degree to which the cheese returns to its  
initial form after biting , asses sed during the fir s t  two to 
three chews . 
Crumbliness : The degree to which the cheese s tructure fal l s  
apart and breaks up dur ing the initial two t o  three chews . 
Smoothness : The smoothnes s  of the cheese agains t the palate as 
i t  breaks down during mas t ication . 
Stickiness : The s tickiness of the cheese agains t the palate 
and around the teeth during mas tication . 
Bi ttiness : A res idual mouthfeel which is described by the 
presence of particulate matter in the mouth . 
a) mealy/curdy : The presence of soft , curd- like particulate 
matter which is perce ived dur ing final mas t ication . 
b) &ritty/sandy :  The amount o f  hard , particulate matter 
perce ived during final mas tication of the cheese ( often caused 
by the presence of calc ium lactate in the cheese) . 

Then evaluate the cheese for the fo llowing flavour terms : 

Acid/Sour . Acid : A " clean" flavour s imilar to that of a 
dilute solution of mineral ac i d ,  usually perceived at the b ack 
and s ides of the tongue . 

Sour : A " dirty "  flavour often assoc iated with 
fermented- type flavours perceived at the back and s ides o f  the 
tongue but tending to l inger in the mouth as an aftertas te . 
Fruity/Fermented : Assoc iated with products that have been 
fermented . In cheese , thi s  group of characteristic flavours 
include flavours various ly described as : yeasty , alcoholic , 
ethano l , fizzy , effervescent , tangy , fruity . 
Sulphide : Group of characteristic flavours in cheese which may 
have the dis tinctive charac ter of hydrogen sulphide or may 
various ly be described as feedy , weedy , cabbagy , oniony etc . 
(pos ses s ing a note s imilar to that found in the 
sulphur - containing vegetable s ) . 
Sharpnes s : A "peppery" characteristic perceived on the tongue 
which tends to l inger - often associated with the flavour o f  
very mature Cheddar cheese . 
Bitterness : One of the four bas ic tas tes perceived at the b ack 
of the tongue , tending to l inger on as an aftertas te . In 
cheese thi s  is caused by the presence of b itter peptide 
compounds and is s imilar to the b itterness  found in UHT mi lk 
after prolonged s torage . 



Table xi . Copy of the score sheet used by the panel for 
scoring the cheese attributes . 

Name Da t e  
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----------------

CliEDDAR CHB.BSB PANEL 

In f ron t of you are s ev e r a l  samp l e s  of cheddar chees e . P l e a s e  
evaluate t hem f o r  t h e  f o l l owing c h a ra c teri s t i c s  u s i ng a 0-1 0 
s c a l e  where 0 • Abs e n t  

TEXTURE : 

Fi rmness 
< So f t  - >  Fi rm )  

Rubberiness 

2 • Thres h o l d  
4 • Weak 
6 • Mod e r a t e  
'3 • S t rong 

10 • Intense 

----· -

< Not rubbery -> Very rubbery ) 

Crumb l i n e s s  
( Not crumbly -> Ve ry c rumb l y )  

Smoothness 
< Not smoo t h  -> Very smoot h )-----

S t i ck i n e s s  
< Not s t i c ky - >  Very s t i c ky )  

Sampl e  Nos . 

' Bi t t i n e s s ' < Not ' bi t t y '  - > Very ' bi t t y ' > 

a .  Mea ly/cu rdy 

b. G r i t t y/sandy 

Other -------

FLAVOUR : 

Ac id /Sour 

Frui ty/Fe rmen t ed 

S u l ph i d e  

Sha rpness 

B i t t e rness 

O ther _____ _ 

COMMENTS : 

. 

. 



PART I I . THE ROLE OF NONSTARTER LACTIC ACID BACTERIA IN 

CHEDDAR CHEESE RIPENING 
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Following the des i gn and commis s i oning of the manufacturing 

vat s  ( Part I . A) , it was pos s ib le to manufacture cheese without 

the presence of NSLAB . Part I I  describes the results o f  

experiments comparing aseptically manufactured cheeses with 

cheeses  containing NSLAB . 

S ec ti on I I . l  gives a review o f  the l iterature pertaining to 

the role of NSLAB in cheese ripening , while Section I I . 2  g ives 

the specific methods uti l ized . 

Section I I . 3 . 1  compares aseptically manufactured cheeses  

without NSLAB to cheeses adventitiously contaminated with 

NSLAB by manufacture in open vats . S ince the surface of the 

aseptic vat cheeses became contaminated with NSLAB dur ing 

maturat ion , Section 11 . 3 . 2  describes the s ource of thi s  

contamination . Section I I . 4  describes a further compari s on of 

aseptically manufactured cheeses and open vat cheeses but with 

the surface of the cheeses protected from contamination by the 

addition o f  a wax coating before bagging . In a futher 

embedded compari s on in Section I I . 4 ,  both aseptic and open vat 

cheeses were matured rinded and waxed to establish the effect 

of the bag on the course of flavour development . 

Section I I . S . l  describes the selection of NSLAB cultures for 

addit i on to aseptically manufactured cheeses , and trials to 

determine the bes t  techniques for thei r  introduc ti on . Section 

1 1 . 5 . 2  compares aseptically made cheeses  with aseptically made 



cheese to which a homo lactic lactobaci l lus o r  a pediococcus 

culture was added . S ince all the control cheeses in the s e  

trials developed a low level of NSLAB contamination and the 

differences noted were at best very smal l , thi s  work was not 

repeated with cheeses having the surface protected as in 

Section 11 . 4 .  

The final discuss ion and conclus i ons from Parts A and B o f  

thi s  the s i s  are drawn in Section 1 1 . 6  

6 4  
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II . l  Literature Review . 

I I . l . l  Occurrence . Source and Growth of the NSLAB Flora . The 

s tarter bacteria added to milk during Cheddar cheesemaking 

rise from an initial level of around 2*107 cfu/g to around 

2*109 cfu/g during manufacture . During maturation , the 

count s lowly decreases at rates dependent on type (Reiter e t  

al . ,  1967)  and s train (Martley and Lawrence , 1 9 72 ) . In a l l  

cheese after manufacture there is a low level of NSLAB whi ch 

grow as the cheese matures to become the dominant flora within 

1 - 3 months (Davi s , 1935 ; Sherwood , 1 9 3 9a ; Mabbitt and 

Z iel inska , 1956 ; Naylor and Sharpe , 1958a) . The maximum count 

appeared to differ between cheeses (Hill and Thornton , 1 9 5 8 ; 

Perry and Sharpe , 1960)  but to be s table over long periods 

within any one cheese (Johns and Cole , 1 9 5 9 ) . The early 

l iterature on the microflora (particularly the NSLAB) in 

cheese has been we ll reviewed ( Fryer , 1 9 6 9 ) . 

The NSLAB flora of cheese i s  composed of various s trains o f  

mesophilic lactobacill i , pediococc i ,  and pos s ib ly also 

leuconostocs . Early reports cons idered only lactobaci ll i  with 

pass ing reference to leucono stocs , espec ially in young 

cheese . Homolacttc . .  l�ctoba�i�li ( L .  plantarum and L .  cas e i )  

dominated with varying reports as t o  which o f  thes e  s trains 

were more prevalent (Davis , 1935 ; Sherwood , 1 9 3 9b ; Naylor and 

Sharpe , 1958a ; see also review by Marth , 1963 ) . Pediococ c i  

have also been reported (Naylor and Sharpe , 1 9 5 8b ) , even b eing 

the dominant flora ( Fryer and Sharpe , 1966 ) . While 
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hetero lac tic lac tobac illi have often been i solated ( Perry and 

Sharpe , 1960)  they are not now believed to dominate the NSLAB 

flora at leas t in N . Z .  cheese ( Thoma s , 1986 ) . However they 

may form a s ignificant population i f  the cheese has been held 

at high temperatures during early maturation ( Fryer , 1 9 82 ) , or 

i f  pre s ent in the cheese at unusually high level s  - for 

example if introduced in the rennet ( Stathouders and Veringa , 

1 9 6 7 ; S tathouders ,  1968 ) . 

For mos t  practical purposes , the NSLAB can be defined as 

thos e  bacter ia which grow on LBS agar p lates (Rogos a  e t  al , 

1 9 5 1 )  when incubated for 5 days at 3 0  C ,  usually 

anaerobically . Thi s  definition will exclude mos t  if not all 

leuconos toc organis ims which do not grow wel l  on LBS agar . 

NSLAB organisms occur in raw milk , but mos t  are des troyed by 

pas teurization ( see Section I . A . 3 . 3 . 2 ) and s o  only contribute 

to the cheese flora if present in the raw milk at high counts 

( Naylor and Sharpe , 1958c) . Therefore the maj o r  s ource o f  

NSLAB appears to b e  pos t pasteurization contaminat ion from the 

manufacturing equipment ( Sharpe and Mattick , 1 9 6 0 ) . 

Micro scopic inves tigation of ripening cheese (Dean et al , 

1 9 5 9 ; Ramme l l , 1960)  has shown the presence o f  bacterial 

clumps in crevices and at the interfaces of curd particles , 

cons i s tent with the contamination o f  the curd during 

manufacture . 

The rate o f  growth of NSLAB is dependent on the maturation 

temperature of the cheese particularly in the ini tial period 

o f  cooling after pres s ing ( Fryer , 198 2 ) . Both the rate o f  
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growth and the balance o f  species i s  bel ieved t o  b e  affected . 

There i s  li ttle direct evidence for the influence of o ther 

compos i tional variables on the rate of growth of NSLAB in 

cheese . Salt inhib its growth (Hunter , 1950)  and may 

selectively inhib i t  s ome species more than others ( e . g . 

selective inhib ition of pediococc i ,  Nunez , 197 6 ) . Hunter 

( 1950)  reported a requirement for vari ous metal ions , 

particularly K and Mn , and sugges ted that cheese may be 

deficient in thes e  ions . The pH opt imum for growth o f  

lactobacilli  i s  reported to be between 6 . 0  and 7 . 5  (Davis and 

Thiel , 193 9 ) , we ll above the pH of maturing cheese . I t  has 

been reported ( Lawrence et al . ,  1983 ) that there i s  a tendency 

for pediococci to dominate in low pH cheese ( e . g .  Cheddar ) and 

lactobacilli  in high pH cheese ( e . g . Swi s s ) .  

Of particular interest for the growth of NSLAB in chees e  i s  

the stimulation o f  growth obtained b y  the addit ion o f  s tarter 

lysate (Hansen , 1941 ; Branen and Keenan , 1 9 69 ) . Recently , 

NSLAB have been shown to "cannibalize"  s tarter bacteria 

( Thomas 1986b )  however it is not yet clear whether thi s  i s  the 

s ource o f  the ir growth requirements in cheese . 

11 . 1 . 2  Metabolic Capability o f  NSLAB . The role o f  NSLAB ( in 

particular heterofermentative lactobaci l l i )  in the formation 

of various defects in cheese i s  well documented . Sherwood 

( 19 39a)  reported the role of lactobacilli  in the formation of 

s l i t - opennes s  in Cheddar cheese ,  confirmed later by Hoglund et 

al ( 19 7 2b ) . The formation of a related problem , tallowy 

discolourati on was also traced to lactobacilli  ( Barni coat , 
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1950) . The formation of various flavour defects when 

lactobac illi  were deliberately added to chees e  has already 

been reported ( see Introduction) . However i t  i s  not clear 

whether NSLAB contribute to des irable chees e  flavour . NSLAB 

may contribute to lactose fermentation in the event that the 

lactose is not removed by the s tarter . Even homofermentative 

s trains may produce such potentially flavourful compounds a s  

acetaldehyde and ethanol (Keenan and Lindsay , 1 9 68 ) . However ,  

under normal condi tions , all the lactose i s  removed before 

NSLAB counts rise to high levels ( Turner and Thomas , 1 9 80 ) . 

Vari ous lactobacilli  isolated from dairy products are 

capable of utiliz ing citrate in l iquid media ( Fryer , 1 9 7 0 ) . 

S ince the c itrate present in milk i s  not fermented by the � 

cremoris s tarter bacteria normally used in Cheddar chees e  

manufacture i n  N . Z . , it is l ikely t o  be present i n  the 

cheese . Bacterial fermentation of c itrate i s  accompanied by 

the formation of co2 and acetate along with the divers i on o f  

pyruvate metabolism from lactate to compounds including , 

acetate , formate , ethanol ,  and diacetyl and acetoin ( Hickey e t  

al . ,  1 9 8 3b ) . From the viewpo int of flavour production , the 

mos t  important products have been believed to be acetate and 

diacetyl . In Cheddar cheese , acetate i s  the dominant " free 

fatty acid" ( Evans and Mabb itt , 1974) believed to form the 

bas i s  o f  Cheddar chees e  flavour ( Patton , 1 9 63 ) . 

The conditions required for NSLAB to metabolize c itrate in 

Cheddar cheese are unknown . All 7 s trains of L. case i  

isolated b y  Fryer ( 19 7 0 )  utilized c itrate i n  the absence o f  
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fermentab le carbohydrate as did 9 o f  the 1 0  s trains o f  � 

plantarum . Keenan and Lindsay ( 1 9 6 7 )  reported that L .  cas e i  

produced s ignificantly higher quantities o f  diacetyl from 

citrate in the absence of carbohydrate than did L .  plantarum . 

Thi s  may be explained by the finding that acetoin and diac e tyl 

product ion by L. plantarum required an energy s ource ( El Gendy 

et al , 1 9 8 3 ) . 

NSLAB organisms are also capable of aerobic metabolism o f  

various sub s trates i n  the presence o f  oxygen , leading t o  the 

formation of product s  other than lactate from pyruvate ( fo r  

review s e e  Condon , 1 9 83 ) . This i s  of particular s i gnificance 

s ince the NSLAB flora in cheese , particularly lactobac il l i , 

have been implicated in the maintenance of a low redox 

potential in cheese ( Davis , 1932 ; Kri s toffers en ,  1 9 6 7 ; 

Manning , 1 9 7 9 ) . I t  is believed that the s tarter bacteria 

become incapable of maintaining the low redox potential that 

they initially obtain in the curd . The lactobac illi  then take 

over the role of maintaining the low potential required for 

the catalys i s  of the ripening reactions . 

Both carbohydrates and lactate can be oxidatively 

metabolized , with the greates t  rate of metabolism apparently 

occurring at the end of the growth phase ( Sedewitz et al , 

1984) . Other sub s trates for oxidative metabolism by both 

lactobac i l l i  and pediococci include c itrate and peptides 

( Thomas , 1 9 8 6 , 1 987a) . 
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A s  proteolys i s  i s  cons idered to form a maj or part of the 

cheese r ipening process , a further role of the NSLAB flora 

could be to produce further proteolytic enzymes in the cheese 

curd . The early work on the effect o f  l actobacilli  on 

proteolys i s  in cheese r ipening has been reviewed by Fryer 

( 19 6 9 ) . More recent data indicates that at least s ome o f  the 

lactobacilli  in the NSLAB flora may contain s i gnificantly 

higher proteolytic act ivities than the s tarter s treptococci 

(Hickey et al , 1 9 8 3a ) . 

The final area in which the NSLAB flora may promote flavour 

devel opment is the production o f  l ow molecular wei ght sulphur 

compounds which have been implicated in the mature flavour of 

Cheddar cheese (Kr i stoffersen , 1 9 7 3 ) . Lactobaci l l i  have been 

reported to produce H2 s (Kristoffersen and Nelson , 1 9 5 5 ; 

Sharpe and Frankl in , 1 9 62 ) , although there appears to be 

l i ttle correlation between NSLAB count and flavour ( Fryer , 

1 9 6 9 ) or H2S concentration and flavour (As ton and Douglas , 

1 9 83 ) . 

1 1 . 1 . 3  Aims of Thi s  Part of the Proj ect . S ince NSLAB are 

present in cheese at levels high enough to cause s ignificant 

changes to the cheese , and they have the capab i l i ty to produce 

s ignificant flavourful compounds and proteolytic enzyme s , i t  

seemed appropriate t o  reconsi der the p o s s ibility that they 

influence the devel opment o f  des irable flavours in the 

chees e . Thi s  was even more t imely due to the s ignificant 

changes in technology that have occurred in the past 20 year s , 
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in particular , the deve lopment o f  highly impermeable 

cheesebags , and the tendancy to a sweeter make with a lower 

flavour profile in the mature cheese .  

The primary aim was to compare the effect of NSLAB on the 

development of Cheddar cheese flavour . Thi s  was accomplished 

by the manufacture of cheese aseptically (without NSLAB 

contamination) and in open vats with adventitious NSLAB 

contamination . The results are reported in Section I I . 3 . 1 .  

S ince the surface became contaminated by NSLAB during maturing 

( Section 11 . 3 . 2 ) these experiments were repeated and the 

cheese surface waxed before bagging ( Section I I . 4 ) . 

The addition of either of two representative NSLAB cultures 

( an L .  plantarum i solate and a P .  pentosaceus isolate) under 

control led condi tions was attempted in order to investigate 

whether the addition of NSLAB added to the flavour or produced 

off- flavours ( Section I I . S ) . S ince thes e  trials were 

attempted before the surface contamination was realized , and 

the differences between cheeses with or without NSLAB were 

very small , these trials were not repeated with cheese 

surfaces waxed .  
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II . 2 .  Methods . 

I I . 2 . 1  Culture History and Maintenance . 

S tarters . The S treptococcus cremoris s trains 5 8 4  and 134 were 

used as s tarter cul tures for all cheese maufacture .  The 

s trains were obtained from the culture collection o f  the New 

Zealand Dairy Res earch Ins titute and s tored frozen at - 7 5 C 

(Revco Inc . , Wes t  Columb ia , SC , USA) partially grown in 

s terile recons tituted skim milk (RSM) . At approximately 

monthly intervals a vial was thawed (at  30 C )  and 0 . 2  mL o f  

culture was inoculated into 1 0  mL o f  s terile RSM . Thi s  

culture was grown at 30 C for 1 8  to 24 h unti l  clotted and 

used to inoculate a number of tubes o f  RSM which were s tored 

at 4 C until required (<3 weeks ) .  The last of the 4 C s tock 

cultures was used to inoculate a further series of RSM tubes 

when required . No s tarter was subcultured more than 3 t imes 

before replacement with a new culture from the deep - frozen 

s tock culture . 

Non- S tarter Lactic Acid Bacteria (NSLAB) . Culture s  o f  a 

pediococcus and a homolactic lactob acillus originally from 

cheese ( see I I . 3  for characteristics and selection criteria) 

were obtained from Dr T . D . Thomas ( New Zealand Dairy Research 

Institute ) . S tock cultures were s tored frozen at - 75 C 

partially grown in MRS broth (Difco Labs . ,  Detro i t , Mich . , 

USA , after Man e t  al , 1960) . At regular intervals , working 

cultures were obtained from the frozen s tocks and maintained 

by subculture in RSM . 



7 3  

S terile recons tituted skim milk (RSM) . S terile RSM for the 

growth of s tarter and NSLAB cultures was prepared as a 10%  

(w/v) solution o f  low-heat , antib iotic - free N . Z .  skim milk 

powder in Mil l i - Q  purified water (Millipore Corp . , Bedford , 

Mas s , USA) . The required volumes were dispensed ( e i ther into 

flasks or 10 mL tubes )  and s terilized by autoclaving at 1 1 5  C 

for 20 min . 

11 . 2 . 2  Temperature Opt imum determination . The opt imum 

temperature for the growth of various NSLAB culture s  was 

determined by growing the cul tures in tubes in a temperature 

gradient incubator (Model TN3 , Toyo Kagaku S angyo , Co . Ltd . , 

Tokyo , Japan) . The method was that o f  Martley ( 19 8 3 )  except 

that the growth medium was RSM suppl imented with 0 . 5% yeas t 

extract ( BBL B iologicals Ltd . ) ,  and growth was for 1 8  h .  

11 . 2 . 3  Cheesemanufacturing Methods . 

11 . 2 . 3 . 1  Milk Supply . Milk for aseptic cheesemaking was 

obtained as described in Section 1 . A . 4 . 1 . 1 .  For cheesemaking 

in open vat s , milk was collected in 45 L cream cans from the 

bulk vat of the same farm , be ing representative of the milk 

from the remainder of the herd . This milk was comb ined night 

plus morning ' s  milk , cooled and held at 7 C .  

11 . 2 . 3 . 2  Aseptic Cheesemaking . Aseptic cheeses were made 

from asep tically drawn milk in the aseptic vat s  described in 

S ection 1 . A . l .  The manufacturing methods were as described 
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except that when cheeses were t o  b e  waxed , the cheeses were 

pressed in " 10 lb " cheese hoops with cloth bandages .  Thes e  

hoops were s teril ized as described for the rectangular hoops  

( I . A . l . 4 ) , filled within the vat and pressed ins ide chees e  

bags a s  previous ly described . The waxing method i s  described 

below ( I I . 2 . 3 . 4 ) .  

I I . 2 . 3 . 3  Open Vat Manufacturing Methods . Cheeses were made 

in the 350 L rectangular open vats to the s ame manufacturing 

protocol of s tarter inoculum and rennet volume s , times and 

temperatures as in the aseptic vats , but the number of 

dry - s tirs and the s alting percentage were varied to keep the 

composition of the cheeses at 1 day as close as pos s ible t o  

those o f  the aseptic cheeses . The bulk s tarter was made in 

RSM s teril ized by heating to >90 C for >1 h and cooled to 24 

C .  Culture was added and the bulk - s tarter cans incubated for 

18 h at 24 to 22 C .  

Raw milk was pas teurized at 7 2  C for 1 5  s us ing a PB13RB 

plate pas teurizer (Alfa Laval , Copenhagen , Sweden ) . To 

s tandardize the fat content of the vat milk , the vats were 

filled with the calculated proportions o f  whole and skim milk . 

Following s tarter and rennet addition and coagulation , the 

coagulum was cut horizontally and ver t ically with 9 mm 

hand-held knives . From then until running , the curd was 

agitated us ing double-paddle agitators revolving at 14 rpm 

from an overhead drive . After running o f  the whey , the curd 

was dry - stirred and cheddared in the vat s . Following mil l ing 
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( through a rec iprocating mill with a 9 mm cutter grid) , 

salting and mellowing , the curd was hooped into rectangular 20 

kg cheese hoops and pressed overnight at ambient 

temperatures .  The 20 kg cheeses were cut into two equal 

b locks at 1 day and bagged and matured as for aseptic 

chees es . For experiments with cheeses  r inded and waxed ,  the 

s alted cheeses were pressed in cyl indrical " 10 lb " cheese 

hoops overnight and then waxed . 

1 1 . 2 . 3 . 4  Waxing of Cheeses . For cheeses which were waxed ,  

two procedures were used . Cheeses which were to be waxed and 

bagged were cooled for 8 h at 10 C ins ide a cheese bag , the 

bag removed and the cheeses waxed by immers ion in a heated 

bath of microcrys tall ine cheese wax (KW2 2 0 , J onk B . V . , Koog 

Aan der Zaan , Holland) at 140 C .  The waxed cheeses were 

placed in Cryovac shrink Barrier bags (Bl20 , W . R . Grace Ltd . , 

Porirua , New Zealand) , the bags sealed under vacuum and shrunk 

by careful heating with hot water , ensuring that the wax 

itself was not melted . Following drying o f  the bag , the 

shrink bagged cheeses were further bagged and sealed under 

vacuum in a regular Writghcels bag . After three months 

s to rage , the shrink bag was removed and the cheeses rewaxed 

and rebagged but only in a Wrightcel s  bag . 

For waxed and rinded cheeses (no t  b agged) , each 4 kg chees e  

was hel d  for 48 h a t  1 2  C i n  a s teril ized closed s tainless 

s teel bucket containing 500 g of self indicating s i l ica gel to 

dry the r ind ( after Mabbi tt et al , 1 9 59 ) . The operator wore 
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s terile gloves when handl ing the dehooped cheeses . Follow ing 

the drying period , the cheeses were waxed as above and 

returned to the 12 C room with the waxed and bagged chee se s . 

The cheeses were rewaxed after 3 months o f  s torage . 

At the 14 day sampling t ime , the cheeses were moved to 

e i ther the 10 or the 1 5  C maturing room for the remainder o f  

the maturing period . 

I I . 2 . 4  S lurry Manufacture . To rapidly check that aseptically 

manufactured cheeses did not contain NSLAB , 1 day o ld curd was 

made into cheese s lurries as described by Kri s toffersen et a l  

( 19 67 ) . Initially , s lurries were incubated in s terilized 

polycarbonate bottles ( Bel Art Products , Pequannock , NJ , 

USA . ) ,  however ,  these were replaced by cheese bags which were 

vacuum sealed and incubated in an air incubator at 30 C .  

I I . 2 . 5  Sampl ing of the Cheese s . The cheeses were sampled 

us ing s terile microb io logical techniques . The trier was 

dipped in alcoho l , flamed and inserted into the cheese .  The 

top 10 - 15 mm of the plugs used for plate counting were removed 

us ing an alcohol flamed spatula and the remainder o f  the plug 

placed in s terile petri dishe s . Where samples were not 

required to be aseptic , they were still taken aseptically s o  

as not to contaminate the cheese , and then placed into clean 

sample containers .  Following s ampling , each chees e  was 

transferred to new bags and vacuum sealed.  



For cheeses which had been waxed ,  the wax ( and shrink bag)  

was s teril ized by wiping with alcohol and an alcohol flamed 

s calpel was used to cut an opening in the wax s o  that the 

trier could be inserted . Samples were handled as above , but 

the plugholes were filled with melted cheesewax . The bagged 

cheeses were then rebagged in new outer bags and vacuum 

s ealed . 
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I I . 2 . 6  Colony Counts . Cheese samples for microbiological 

analys i s  were we ighed ( 10 g)  into s terile wide - mouthed 

blending bottles and 90 mL of s terile 2 %  c itrate added ( final 

pH approx . 6 . 0 ) . The samples were blended us ing an 

Ultraturrax (Janke and Kunkel GmbH , Staufen , . West Germany) 

with lON shafts . The shafts were s teril ized by autoclaving 

( 12 1  C/15 min) wrapped in aluminium fo i l . 

Dec imal dilutions were made in hal f - s trength Ringers 

s o lution and 1 mL samples ( in tripl icate ) were pour plated 

us ing the required agars . 

Starter numbers were determined by plating in Ml7 agar 

( Terzaghi and Sandine , 197 5 )  with aerob ic incubation at 3 0  C 

for 3 6 - 48 h .  NSLAB numbers were determined by plating i n  LBS 

agar (Rogosa SL agar , Difco Lab s )  with anaerobic incubation 

for 5 days at 30 C .  

Coliform bacteria were enumerated in Violet Red Bile Agar 

(VRBA , G ibco D iagno s tics , Madison , Wis . , USA) incubated 

aerobically at 30 C for 24 h .  The total count in r aw and 

pas teurized milks was determined using S tandard Methods Agar 
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( SMA , Gibco Diagno s tics )  incubated for 5 days aerob ically a t  

30 C .  Bacteria o f  the family Micrococcaceae were determined 

by plating in Baird Parker agar (Gibco Diagno s t ic s , after 

Baird Parker , 1962)  which contained Egg - yo lk Tellurite 

solution ( SR 64 , Oxo id Ltd . , London , UK) . The plates were 

counted after 2 days aerobic incubation at 3 7  C .  

All the agars were made and s terilized according to the 

manufacturers recommendations , and were dispensed in 100 mL 

quantities into 1 8 0  mL bottles (Kimax , Kimble Products , 

Toledo , Ohio , USA) before autoclaving . The s terile media were 

held at ambient temperatures in the sealed bottles unti l  use .  

Before plating , suffic ient bottles of agar were melted by 

heating at 121  C for 5 min and then tempered at 45  C .  

Additions o f  egg - yolk tellurite to Baird Parker agar were made 

to the tempered agars immediately befo re plate pouring . 

Anaerobic atmospheres for agars grown anaerobically , were 

obtained by sealing the plates in cans and replacing the 

atmosphere by evacuation and refilling with an atmosphere o f  

5 %  co2 in hydrogen (New Zealand Industrial Gases , 

Well ington , NZ) . The cans also contained an oxygen scavanging 

catalys t ( Gaspak , BBL Microb iology Sys tems , Cockeysville , MD ,  

USA) . 

1 1 . 2 . 7  Chemical Analyses . 

The cheese were analysed for composition at one day o l d . 

Three plugs were drawn aseptically from each cheese and grated 

together before commencing the analyses . 
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Mo is ture . The moi s ture content of cheeses and the total 

sol ids content of milks were determined routinely us ing an 

Apollo Mark XII microwave moi s ture meter ( Photovolt Corp . , NY ,  

NY ,  USA) . S amples of approx 5 g where placed between two 

layers of glas s - fibre filter paper , and heated for 3 . 5  min at 

power setting 1 5 . Confirmatory tests were performed by the 

s tandard oven-heating method at 102 C for 18 h .  

Fat . The fat content of milks was determined us ing a 

Milko - Tes ter Minor fat tester (A/S . N .  Fos s  Electric , 

Hillero d ,  Denmark) . Confirmatory tests were performed us ing 

the Babcock method (NZ Ministry of Agriculture Dairy Div1 s i on 

Manual DDM 4 . 1 . 3a ,  1979) . Cheese fats were determined by the 

Analytical Chemis try Section , NZDRI , us ing the Babcock me thod .  

QH .  These were determined us ing a PHM82 pH meter (Radiometer 

Copenhagen , Denmark) with N61 comb inat i on pH elec trodes 

( Schott Gerate , Hoffheim a Ts . ,  GDR) . For cheese , the grated 

s ample was forced into a 5 mL gl as s beaker and the electr o de 

inserted . No water was added . 

The calibration of the electrode was checked frequently 

agains t standard buffers (pH 4 . 00 and 7 . 00 )  and only small 

batches of s amples were analysed in one sess ion . 

Salt . Ini tially , salt in cheese was determined us ing the 

s tandard Volhard method (NZ MAF Dairy Divis ion Manual , DDM 

4 . 7 . 2a ,  1979 ) . However , during the cours e  o f  the proj ect , a 

"Memotitrato r "  (Mettler DL40RC , Mettler Ins trumente AG , 

Greifensee , Swi tzerland) became available . S ince thi s  was 

shown to give identical results to the Volhard method with 



8 0  

much les s effort , i t  became the method of choice . 

Approximately 2 g of cheese was accurately measured into the 

ti trator cup , lOO mL of 1 M nitric ac id added , and then heated 

for 30 min in a 60 C waterbath . After cool ing to room 

temperature the chloride content was determined by equilib rium 

t itration with s tandardized 0 . 12 M s i lver nitrate . 

Calc ium . The calc ium content o f  the cheese was determined 

us ing the complexometric method ( K . N .  Pearce , 1 9 7 7 ) . 

I I . 2 . 8  Texture and Flavour Assessment . Samples were taken 

for texture and flavour assessment after 3 ,  6 and 9 months o f  

s to rage . For rectangular cheeses  a 20 - 25 mm slab was cut from 

one end with a s terile wire and discarded . A 10 mm s lab was 

then cut from the clean edge and 2 0  mm was removed from the 

edges . The s ample was then bagged in a self seal plastic  bag 

( "Whirlpak" , Nasco , Fort Atkinson , Wis . , USA) and placed in a 

1 2  C conditioning cabinet for 2 h before the tas t ing s e s s ion . 

Cubes approximately 10 mm s quare were cut and presented to the 

tasters in individual ramdomly numbered cups . For the 

cylindrical , waxed cheese , plugs were drawn aseptically w i th a 

trier and 20 mm removed from the r inded surface . The samples  

were conditioned for 2 h at 12 C in Whirlpac bags before 

tas ting . The plugs were cut into lengths of approx 2 0  mm for 

each taster . The details o f  the tast ing proceedures are 

outl ined in Section I . B .  



I I . 3  Trials with Cheeses Matured in Bags . 

I I . 3 . 1  Comparison of Cheeses Made in Aseptic Vats with 

Cheeses Made in Open Vats . 

I I . 3 . 1 . 1  S tatistical Approach . The effect of advent itious 

NSLAB on the texture and flavour of Cheddar cheese was 

investigated by manufacturing cheese in the aseptic vats from 

aseptically drawn milk and in open vats us ing milk from the 

s ame farm but not drawn aseptically . Thi s  experiment was 

repeated on 9 occas ions over three seasons . S ince only one 
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cheese was made from each aseptic vat , two vats were used each 

day with the cheese from one vat be ing matured at 10 C and 

from the other at 15 C .  The open vats required 300 L o f  milk 

and produced around 30 kg o f  cheese s o  for each experiment one 

20 kg cheese was cut in half with one half matured at 10 C and 

the o ther at 15 C .  Thus the aseptic vat cheeses were not a 

true spl i t  experiment while the open vat cheeses were . The 

data was therefore analysed by Analys i s  o f  Variance (Anova) in 

two ways , being the extremes of the poss ible error . The first 

approach assumes a true split plot on temperature given by 

the e quation ; 

Repl icate , Treatment/Temperature/Time 

whi le the second as sumes a nonsplit  experiment , given by the 

e quati on ; 

Repl icate , Treatment , Temperature/Time 
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The F - tests will only differ in the upper level s  o f  the 

Anova and not affect time and the t ime interactions . As the 

non- split approach is l ikely to be the more conservative 

approach , the F - test  data quoted in the text are from the 

non- split approach . Where the split plot approach gave F - test  

values which differed in s ignificance , thes e  are noted in the 

text . I t  should be noted that only the F- test values diffe r , 

not the actual means o f  the experimental data . 

In the analys i s  of the tas te panel results , the que s t i on 

arises of how to treat the subsamples due to the individual 

taster ' s  results . If  the subsamples are treated as error the 

number of degrees of freedom in the lowest plot o f  the Anova 

are increased by the total number of taster sess i ons involved 

( usually some hundreds ) .  Thi s  increas e cause s  very small 

differences in the time interactions to become highly 

s tatis tically s ignificant but , because of the split plot 

nature of the analys i s , does not affect the treatment or 

temperature levels of the analys i s . 

S ince thes e  small differences were obvious ly not 

s i gnificant ( and were shown not to be when subsamples wer e  not 

treated as error ) ,  subsamples were treated s eparately from the 

error in all the analyses reported in this the s i s . 

I I . 3 . 1 . 2 Cheese C ompos it i on .  The mean values for the 

compos it ion o f  the aseptic vat and open vat cheeses are g iven 

in Table xii . 



Table xii , 
aseRtic and 

Mo is ture ( % )  
Fat ( % )  

Chemical comRo s i tion 
ORen vats . 

Aseptic 
1 Mean s . d . 

3 7 . 28 1 .  2 2  
32 . 68 1 .  6 3  

Calc ium (mM/kg) 1 94 12 
Salt ( % )  1 .  60 . 2 5 
pH 5 . 18 . 11 
S/M ( % )  4 . 66 . 40 
MNFS ( % )  54 . 39 2 . 04 
FDM ( % )  52 . 03 2 . 10 
SNF ( % )  30 . 04 . 78 
Ca/SNF (mM/kg) 628  39  

1 s . d . - Standard deviation . 
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o f  cheeses made in the 

Open 
Mean s . d . 

35 . 94 . 64 
3 6 . 05 1 .  3 1  

1 6 8  10 
1 . 53 . 20 
5 . 08 . os 
4 . 32 . 54 

5 5 . 70 1 . 28 
5 5 . 99 1 .  94 
28 . 01 1 . 51 

602 48 

The cheeses made in the aseptic vats were 1 . 6% higher in 

moi sture than the cheeses made in the open vats while the fat 

content was 3 . 4% lower due to the greeter fat loss from the 

aseptic vats ( Section I . A . l . lO ) . The MNFS and FDM of the 

cheeses from the aseptic vats was within the normal bounds for 

N . Z .  Cheddar cheese while for the open vat cheeses thes e  

factors were about 1 %  higher than the maximum . 

While the salt and calcium values appear s omewhat different , 

the ratio o f  salt to moi s ture and calcium to SNF are s imilar 

( S/M 4 . 66 and 4 . 3 2 ,  and Ca/SNF 628 and 602 respect ive ly ) . The 

pH of the 1 day cheese differed by 0 . 10 units , be ing 5 . 18 in 

the aseptic vat cheeses and 5 . 08 in the open vat chee se s . 

.-
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Despi te attempts to obtain identical composit ions in the 

cheeses  from the two different vats , thi s  was not obtaine d . 

However the differences observed may not have s ignificantl y  

affected the rates o f  maturation s ince the higher mo i sture 

content in the aseptic vat cheeses actually trans lates to a 

lower MNFS . 

I I . 3 . 1 . 3  Bacterial Counts . The counts o f  s tarter and 

nons tarter bacteria in both asep tic vat and open vat chees e s  

are shown in Fig 12 . In the aseptic vat cheeses matured a t  15 

C ,  the s tarter count decreased regularly from day 1 to reach 

levels of 1*106 cfu/g at 3 months , but thereafter the coun t  

only s lowly decreased t o  reach 2*105 c fu/g a t  9 months . I n  

the cheeses matured a t  10 C ,  the count reached 2*106 c fu/g 

at 3 months and then continued to fall at a s lower rate to 

reach 4*104 cfu/g at 9 months . In the cheeses from the open 

vats , the count fell more slowly than in the aseptic vat 

cheeses reaching levels of 1*106 cfu/g at 9 months . After 

about 1 month these counts reflected the high NSLAB counts in 

the cheeses  and not the s tarter bac teria . 

No NSLAB were detected in aseptic vat cheeses held at 1 0  C 

unti l  1 month . The count then rose s lowly to reach maximum 

levels o f  105 cfu/g at 6 months . At 1 5  C the count rose 

rapidly in the firs t 1 to 2 months to level s  of 1 04 c fu/g , 

and then more s lowly to reach levels  o f  3*106 c fu/g by 9 

months . 
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Figure 1 2 . Counts of s tarter and NSLAB organisms in 
aseptically made cheeses and in open vat cheeses made from 
milk from the s ame farm . Starter and NSLAB counts were 
determined in cheeses made on the same day in e i ther the 
aseptic vats from milk drawn aseptically , or in open vats from 
bulk milk from the same farm . The cheeses were matured at 
e i ther 10 C or 15 C in barrier bags without waxing . b - A , 
S tarter in aseptic vat cheeses ; 9 - _.,. , S tarter in open vat 
cheeses ; 0 -8, NSLAB in aseptic vat chee s es ; G) - 8 NSLAB in open 
vat cheeses . Open symbols , 10 C ;  closed symbols , 1 5  C .  
S o l id l ine s , aseptic vat cheeses ; dashed l ines open vat 
cheese s . 

9 



8 5  

In the open vat cheeses the count at 1 day was 250 c fu/g . 

In the cheeses held at 15 C the count rose rapidly to reach 

levels of 107 c fu/g at 1 month and a plateau of 3*107 

c fu/g by 3 months . However , in the cheeses held at 1 0  C the 

count rose more s lowly to reach 5*106 c fu/g at 3 months and 

plateau at 1*107 cfu/g by 6 months . 

I I . 3 . 1 . 4  Texture and Flavour in the Cheeses held for 6 months 

at 10 and 15 C .  The F-values and estimates o f  s ignificance 

for the textural and flavour differences between the che e s e s  

made i n  the aseptic vats and thos e  made i n  the open vats are 

shown in Table xiii . The means o f  all the s ignificantly 

different attributes are shown in Table xiv . 

Texture . Aseptically made cheeses did not differ from open 

vat cheeses in any textural attribute except rubberine s s  

( P<O . l% ) . Regardles s  o f  treatment , cheeses held at 15 C were 

more crumbly and s ticky than cheeses  held at 1 0  C ( P<O . l  and 

P<5 %  respectively) and less rubbery ( P<O . l% ) . At 6 months , 

firmness , rubberiness  and meal iness  were lower than at 3 

months ( P<O . l% ,  P<O . l% and P<5 % respect ively) whi le s t ickines s  

was higher ( P<5 % ) . 

Two interactions were observed . For crumb l ines s ,  a 

treatment by temperature interaction indicated that the 

cheeses from the aseptic vats increased more between 3 and 6 

months than did the cheeses from the open vats ( Table xv) , 
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while for s tickiness , a temperature by time interaction 

indicated that the cheeses at 10 C increased in s tickine s s  

while the chees e  a t  1 5  C did not .  

Table xii i ,  F-values and estimates of s ignificance of texture 
and flavour attributes of cheeses made in the aseptic and open 
vats and held for 6 months at 10 C and 15 C .  

Firmnes s  

Rubbery 

Rep1 trt 

2 

*** 

Temp 

*** 

Crumbly * 
14 . 12 36 . 32 

*** 

trt*T /time trt*t T*time trt*T*t 

*** 3 

19 . 78 
*** 

28 . 95 
** 

2 . 90 18 . 25 8 . 18 
Smooth 

S ticky 

Mealy 

Gritty 

Acid/sour 

Fruity 

Sulphide 

Sharp 

B itter 

* 
2 . 6 6 

* 
2 . 51 

* 

* 
4 . 6 8 

*** 
32 . 22 
*** 
24 . 2 8 
*** 

5 . 6 3 76 . 8 3 
* *** 
4 . 6 8 45 . 5 6 

*** 
2 2 . 15 

* 
6 . 5 3 

* 
5 . 9 5 

*** 
2 7 . 5 8 

*** 
6 1 . 15 

*** 
7 1 . 9 9 

* 
5 . 2 5 

** 
10 . 9 2 
*** 
5 1 . 22 
*** 
2 2 . 70 

* 
4 . 69 

1 Rep - Repl icate , trt - treatment , Temp - Temperature , t 
t ime . 
2 For clari ty , the data for non- s ignificant factors have 
been omitted . 
3

* = P < 5 % , * *  = P < 1 % , * * *  = P < O . l % 
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Table xiv . Significant means of the differences in texture 
and flavour attributes of cheeses made in the aseptic (AV) and 
open (OV) vats and held for 3 and 6 months at 10 C and 1 5  C .  

Firmnes s  
Rubbery 
Crumbly 
Smooth 
S ticky 
Mealy 
Gritty 

Ac id/sour 
Fruity 
Sulphide 
Sharp 
B itter 

Treatment 
AV OV 

1 . 85 

1 . 43 
1 . 56 

1 .  3 7  

1 .  95  
1 .  94  

Temperature 
10 c 15 c 

4 . 9 3 
2 . 00 
2 . 06 

4 . 05 

4 . 34 
2 . 75 

. 68 
1 . 16 

. 49 

4 . 65 
1 .  2 2  
2 .  7 7  

4 . 47 

5 . 01 
3 . 44 
2 . 70 
2 . 34 

. 85 

Time 
3 mo 6 mo 

4 . 98 
1 .  84 

4 . 54 

1 .  9 3  

2 . 75 
. 98 

1 .  2 7  

4 . 5 9 
1 .  3 7  

4 . 81 

1 . 66 

3 . 45 
2 . 40 
2 . 25 

When the analys i s  of variance was performed with a spl i t  on 

temperature ( the o ther extreme of the s tatis tical approach ) , a 

number o f  differences in the F-values o f  s i gnificance were 

noted ( data not shown) . The effect of replicate on 

crumbliness  was reduced to ins ignificance , while that o f  

treatment o n  rubberiness  was reduced t o  s i gnificant at P<5 % . 

For firmne s s , temperature became s ignificant ( P<l % )  while for 

meal iness the temperature effect increased in s i gnificance to 

P<l% . 

Three more treatment by temperature interactions became 

s i gnificant . The F - test  indicated that aseptic vat cheeses  

did not change in firmness whi le the open vat cheeses had 

reduced firmnes s  at 6 months ( P<l % ) . For rubberine s s  ( P<l% )  

there was a greater decrease in aseptic vat cheeses than i n  
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open vat cheeses , whi le for smoothnes s  ( P<5 % ) , the aseptic vat 

cheeses decreased between 3 and 6 months while the open vat 

cheeses  increased . 

Flavour . Overall , both sulphide and sharpnes s  were higher in 

open vat cheeses than in aseptic vat cheeses  ( P<5 % , Table 

x iv) . At 15  C ,  all the five attributes were s i gnificantly 

higher than at 10 C ( P<O . l% ) , while at 6 months fruitine s s , 

sulphide and sharpnes s  were higher than at 3 months ( P<O . 1·% ) . 

There were no s i gnificant treatment interactions , however 

there were s i gnificant temperature*time interact ions for 

Table xv . Interaction means of the differences in texture and 
flavour attributes of cheeses made in the asept ic (AV) and 
open (OV) vats and held for 3 and 6 months at 10 C and 15 C .  

10 c 
15  c 

10 c 
15  c 

Treatment*Temperature 

Firmness  
AV OV 

4 . 66 
4 . 64 

5 . 19 
4 . 6 5 

Rubberiness  
AV OV 

2 . 3 7 
1 .  3 3  

1 .  6 2  
1 . 11 

Temperature*Time 

Stickiness  
3 mo  6 mo 

3 . 85 
4 . 47 

4 . 26 
4 . 46 

Fruitines s  
3 mo 6 mo 

2 . 62 
2 . 89 

2 . 89 
4 . 00 

Crumb l ines s  Smoothnes s  
AV OV AV OV 

1 .  80 
2 . 98 

2 . 32 
2 . 56 

Sulphide 
3 mo 6 mo 

. 60 
1 . 33 

. 74 
4 . 04 

4 .  7 7  
4 . 36 

4 . 6 2 
4 . 94 

Sharpnes s  
3 mo 6 mo 

. 95 
1 . 58 

1 . 38 
3 . 11 



fruitiness , sulphide and sharpnes s  ( Table xv) with P<l% , 

P<O . l% and P<O . l% respectively . In all three cases , the 
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intens i ty increased more rapidly in chees e  held a t  1 5  C than 

in cheese held at 10 C .  

While the only s i gnificant three -way interaction was for 

sulphide ( P<5% ) ,  the three-way interactions for frui tiness ,  

sharpnes s  and b itterness show the s ame trends and are included 

in Tab le xvi .  In all three cases , the open vat cheeses 

developed higher intens ities than aseptic vat cheeses 

especially at 1 5  C .  

Table xvi . Threeway interactions for the differences in 
texture and flavour attributes of cheeses made in the aseptic 
(AV) and open ( OV) vats and held for 3 and 6 months at 10 C 
and 1 5  C .  

Fruity Sulphide Sharp Bitterness  
3 mo 6 mo 3 mo 6 mo 3 mo 6 mo 3 mo 6 mo 

AV 10 c 2 . 50 2 . 92 . 49 . 67 . 82 1 . 24 . 40 . 51 
AV 15 c 2 . 78 3 . 92 1 . 23 3 . 22 1 . 5 3 2 . 68 . 69 . 8 6 
OV 10 C 2 . 7 3 2 . 87 . 71 . 80 1 . 08 1 .  5 3  . 59 . 46 
ov 1 5  c 3 . 00 4 . 08 1 . 44 4 . 86 1 . 64 3 . 54 . 7 3 1 . 12 

When the data was analysed with a spl i t  on temperature , the 

e ffect o f  replicate on both fruit ine s s  and b itterne s s  became 

ins ignificant as did the treatment e ffect on sharpne s s . 
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! ! , 3 . 1 , 5  Texture and Flavour of Cheeses Held for 9 months at 

10 C .  Only the 10 C cheeses were analysed at 9 months , and 

therefore the data for cheese at 10 C was reanalysed 

s eperately us ing the Anova : 

Repl icate , Treatment/Time 

The resul ts are presented in Tab les xvi i  and xvii i . 

Table xvi i . F-values and es timates of s igni ficance of texture 
and flavour attributes of cheeses made in the aseptic (AV) and 
open (OV) vats and held for 9 months at 10 C .  

Firmnes s  

Rubbery 

Crumbly 

Smooth 

S t icky 

Mealy 

Grit ty 

Aci d/sour 

Fruity 

Sulphide 

Sharp 

Bitter 

Rep1 trt 

2 

* 
5 . 3 3 

time trt*t 

*** 
23 . 8 9 
* 

8 . 16 

*** 
20 . 07 

*** 
1 1 . 76 
*** 
15 . 84 
*** 
23 . 32 
*** 
32 . 76 
** 
5 . 36 

* 
4 . 07 

1 Rep - Repl icate , trt - treatment , t - t ime 
2 For clarity ,  data for ins ignificant factors have been 
omitted 

3 * = p < 5 % , ** = p < 1 % , * * *  p < 0 . 1 % 
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Again t ime was highly s ignificant , espec i ally for flavour 

development , however treatment ( as eptic or open vat 

manufac ture ) did not affect flavour , with the only effect 

be ing a s l i ghtly lower level of rubberine s s  in the open vat 

cheeses ( P<5% ) .  

Tab le xvii i . S ignificant means of the differences in texture 
and flavour attributes of cheeses made in the aseptic (AV) and 
open ( OV) vats and held for 9 months at 10 C .  

Treatment T ime 
AV ov 3mo 6 mo 9 mo 

Firmness  
Rubbery 2 . 08 1 . 54 2 . 28 1 . 7 1 1 . 43 
Crumbly 2 . 11 2 . 01 2 .  7 1  
Smooth 
S ticky 3 . 85 4 . 26 4 . 82 
Mealy 
Gri tty 

Ac id/sour 4 . 25 4 . 43 4 . 9 5 
Fruity 2 . 62 2 . 8 9 3 . 64 
Sulphide . 60 . 74 2 . 22 
Sharp . 9 5 1 .  3 8  2 . 3 7  
Bi tter . 49 . 49 . 90 

I I . 3 . 2  Source o f  NSLAB in Control Aseptic Vat Cheeses . 

Despi te extens ive tes ting , no s ource o f  NSLAB infection was 

detected during cheese manufacture . S lurries  made from 1 day 

aseptic vat cheeses  suggested by interpolation , that the 

contamination level was about 1 c fujkg o f  cheese ( Huffman and 

Turner ,  unpub l i shed results ) .  However on 4 occas i ons , 



9 2 

s lurries made from aseptic vat cheeses contained no NSLAB at 

10 days , whi le the cheeses contained NSLAB after 35  days 

maturing . 

The results from two of the cheeses which were control 

cheeses in the aseptic vat comparison trial with open vat 

manufacture ( Section 1 1 . 3 . 1 ) are shown in Table x ix . While no 

NSLAB were detected in the s lurries after either 5 or 10 days 

at 30 C ,  both cheeses at 35 days had low level NSLAB 

contamination . In the cheeses at 10 C a p lateau o f  around 

104 cfu/g was reached by 3 months , but in the cheeses at 1 5  

C the count continued to rise t o  reach 2*107 c fu/g b y  9 

months . 

Table xix . NSLAB counts during the maturing o f  two cheeses 
made in the aseptic vats and in s 1urries made from thei r  curds 
when 1 day old . 

Cheese S lurry 
Number 5 dl 1o d 1 d 

157  
1 5 8  

<1
2 

<1 
<1 <1 

<1 
<1 

Cheese 
14 d 35  d 

<1 
<1 

l d = d a y s , m o  = m o n t h s  
2 c o u n t s  i n  c f u / g  

3 mo 6 mo 9 mo 

300 
�-* 1 0  7 

S ince the contamination of these cheeses mus t have occurred 

after pre s sing ( at day 1 )  the outs ide o f  s ome mature control 

cheeses was carefully removed and sampled and a s ample also  

taken from the ins ide o f  the chees e . The counts o f  5 chee s e s , 

split at 1 day and held at both 10 C and 15  C are shown in 

Table xx ,  along with counts from three open vat cheeses 
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obtained by sampling in the same manner .  In the aseptic vat 

cheeses held at 10 C ,  there was no contamination of the ins ide 

o f  the cheeses while the outs ide of the cheeses  had log mean 

levels  of 8 . 2*107 cfu/g . In the companion cheeses  hel d  a t  

1 5  C the levels  were : ins ide 1 . 5*107 c fu/g , outside 

1 . 0*108 cfu/g . In comparison , the open vat cheeses at 10 C 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Table XX Interior and exterior NSLAB counts o f  9 month 
cheeses . 

10 c 
Cheese Ins ide Outs ide 

No 

AseRtic Vat Cheeses  

1 68 3 2*108 
174 <1 5*107 
1 7 5 <1 6*107 

17 8 1 7*107 

180 <1 1*108 

Mean NA2 8*107 

QRen Vat Chee se§ 

ov 7 1*106 3*108 

ov 8 3*105 7*107 

ov 9 8*104 3*107 

Mean 3*105 9*107 

1 5  c 
Plugged Inside Outs ide P lugged 

300 NDl ND 2*106 
3*104 ND ND 3*106 
3*107 1*107 1*108 4*106 

2*104 3*10 7 8*107 6*106 

3*104 1*107 1*108 3*107 

5*104 2*107 1*108 6*106 

2*107 4*106 3*108 2*107 
7*106 9*106 7*107 i*1o7 
Q*106 3*106 1*107 2*l07 

8*106 5*106 6*107 2*107 
�-�-:-���-���������� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NA - not appropriate s ince l ogl - 0 .  
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differed by over 2 logs while at 1 5  C the difference was 1 

log . Apparently , the cheese surfaces had become contaminated 

with NSLAB and the interface between the bag and the cheese 

enabled the contamination to  spread around the chee s e . One 

method to reduce thi s  surface contamination would be to wax 

the cheese surface before bagging . 

1 1 . 3 . 3  Conclus ions . 

11 . 3 . 3 . 1  Phys ical and Bacterial Compos ition .  The cheeses 

made in the aseptic vats were higher in moi s ture but lower in 

fat than the corresponding open vat cheeses . As a resul t , 

they were actually lower in both MNFS and FDM . The lower MNFS 

would be expected to reduce the rate of maturati on in the 

aseptic vat cheeses . I t  i s  unl ikely that any flavour 

differences between the asep tic vat and open vat cheeses could 

be due to the differences in compos it ion . 

1 1 . 3 . 3 . 2  Texture and Flavour . The texture o f  aseptic vat and 

open vat cheeses was influenced by both the s torage 

temperature and the maturing time . With time , cheeses became 

less rubbery but crumb l ier . At 15 C cheeses  were less  rubbery 

than cheeses at 10 C .  Firmness was never affected by ei ther 

temperature or time , while smoothnes s  s ometimes increased and 

s ometimes decreased . S tickines s  and gri tt ine s s  occas i onal ly 

differed but never cons istently . Meal ines s  increased with 

t ime in the 6 month trials but in the cheeses held at 10 C for 

9 months , no effect was seen . S imilar ly , mealine s s  decreased 



in the del iberately added NSLAB trial , but there was no 

difference in the trial comparing aseptic and open vat 

cheeses . 
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I n  the trial comparing aseptic with open vat cheeses , the 

aseptically made cheeses were cons i s tently more rubbery than 

the open vat cheeses . This was probably due to the higher SNF 

in the asep tic cheeses and was not found in the cheeses  w i th 

del iberate NSLAB addition . 

All 5 flavour attributes increased with temperature and mos t  

were also increased by time . In many cases , the temperature 

by t ime interaction was also s ignificant , showing that the 

e ffect of t ime was different ( greater )  at 15 C than at 10 C .  

In open vat cheeses , the sharpnes s  and sulphide 

characteri s tics were higher than in the aseptic vat chee s e s , 

indicating that the NSLAB increased the intens ities of the s e  

flavour attributes .  

The trend in the threeway interact ions indicated that the 

increase in flavour intens ities was almo s t  enti re ly in the 

cheeses  held at 15 C ,  a fact confirmed by the analys i s  o f  the 

cheeses  held to 9 months at 10 C where no treatment effects  

were observed . 

Thes e  data indicate that the effect o f  adventi tious NSLAB 

was only detectab le when the cheeses were held at a very h i gh 

temperature ( 15 C )  for more than 3 months . 
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1 1 . 3 . 4 . 3  Surface Contamination , Despite the press ing o f  the 

aseptically made cheeses ins ide cheesebags , the sampl ing o f  

the cheeses in the more enclosed environment of the 

lab oratory , and the use of bags which apparently were not 

contaminated with NSLAB ( see S ecti on 1 . A . 4 . 3 ) , all the cheeses 

matured in bags developed a contaminating flora of 

adventitious NSLAB on the surface . Apparently , the cheeses 

held at 15  C developed an internal flora , however thi s  was 

mos t  probably due to the entry of the surface organisms down 

the plugholes from previous samp ling t imes and through the 

fissures which opened in the cheeses due to thei r  extended 

incubation at such a high temperature . 

The presence of higher counts o f  NSLAB on the surface o f  

even open vat cheeses indicates that all cheese surfaces 

( including internal fissures ) are l ikely to have increased 

NSLAB counts . Thi s  i s  probably due to the fact that the 

colonies are not bound in the cheese matrix but are free to 

spread acro s s  the entire surface . Where conditions are 

suitable , these bacteria may be involved in undes i rable 

reactions l ike bleaching and intense sulphide production 

(Barnicoat , 1 9 5 0 ) . Potentially , i f  the barrier bag around the 

cheese is not sufficiently impermeable , the surface flora 

could be involved in aerob ic metab o lism l ike that proposed by 

Thomas ( 19 8 7 a ) , causing surface flavour defects . 

While the presence of the contaminating flora l owered the 

validity o f  the results , and therefore required a further 

trial with chees e s  whose surface was protected by a thin 
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coating o f  wax ( Section II . 4) , i t  mus t s till be noted that the 

differences reported in this s ection were all found with 

cheeses with this surface flora , and s o  occurred despite that 

flora . 



!! . 4 .  Trials with Waxed Cheeses . 

! ! . 4 . 1  Statistical Approach . S ince the aseptic vats 

98 

produced only two 4 kg cheeses , i t  was necessary to c ontinue 

the incomplete spl i t - plot analytical approach . Each aseptic 

vat was used to produce two cheeses , one was waxed and b agged , 

the o ther waxed and matured rinded . Both cheeses from one vat 

were matured at the s ame temperature . The open vat was used 

to produce four cheeses s o  that a true spl i t  was pos s ible with 

two cheeses waxed and bagged and two waxed and r inded . One o f  

each was then matured a t  each temperature . Thi s  exp eriment 

was conducted four t imes in February and March 1986 . 

The data was analysed in two ways , being the extremes o f  

the poss ib le error inherent in the partial spli t . To analyse 

as a true spl i t  on temperature experiment would require the 

Anova to be : 

Replicate , Treatment /Surface treatment /Temperature /Time 

To analys e  with no split on temperature the Anova would be : 

Repl icate , Treatment , Temperature /Surface treatment /Time 

The F- tests will only differ in the upper p lots s ince each 

split is tested against the error in that split . Where the 

F - tes t  values differed between the two approaches they are 

noted in the text . 

I I . 4 . 2  Cheese Compos ition. The compos it ion of the chees e s  i s  

shown i n  Table xxi . The moi sture , salt and salt- in- mo i sture 

of aseptic vat and open vat cheeses were identical . However 
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the open vat cheeses were 1 . 1% higher in fat and therefore 

lower in SNF (by 1 . 2% ) . This resulted in a 1 - 2 % increase in 

both the MNFS and FDM in the open vat cheeses , however b o th 

were within normal ly accepted l imits for Cheedar cheese . The 

calcium level in open vat cheeses was s l i ghtly lower (by about 

3 % )  however on a calcium/SNF bas i s , the calcium level s  were 

identical . 

Table xxi , Chemical com�o s ition 
ase�tic and o�en vats during the 
cheeses . 

Mo i s ture ( % )  
Fat ( % )  
Salt ( % )  
Calcium (mM/kg) 
MNFS ( % )  
FDM ( % )  
S/M ( % )  
SNF ( % )  
Ca/SNF (mM/kg) 
pH 

Aseptic 
1 Mean s . d . 

3 6 . 20 1 . 04 
3 2 . 8  1 .  7 8  

1 . 71 0 . 16 
5 6 

5 3 . 48 0 . 83 
5 1 . 12 2 . 07 

4 .  7 2  0 . 48 
3 1 . 2 8 1 . 00 

600 34 
5 . 09 0 . 06 

1 s . d .  - s tandard deviation . 

of cheeses made in the 
com�ari s on with waxed 

Open 
Mean s . d .  

36 . 12 1 .  2 6  
3 3 . 9  1 .  54 

1 .  70  0 . 18 
179  12  

54 . 6 2 1 . 29 
53 . 02 1 . 04 

4 . 7 3 0 . 5 9 
30 . 01 1 . 05 

597  2 6  
5 . 05 0 . 05 

The open vat cheeses had a slightly lower pH a t  1 day , 

however as all the cheeses matured the pH rose ( Table xxi i ) . 

The pH of the open vat cheeses hel d  bagged at 15  C rose more 

rapidly than the asep tic vat cheeses at 15 C ,  while the 

cheeses held at 10 C ( e i ther aseptic o r  open vat ) rose only to 

5 . 15 at 6 months . 
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Table xxi i .  The change in pH of aseptic (AV) and open (OV) 
vat cheeses waxed and matured either bagged (BAG) o r  r inded 
(WAX) at 10 C and 15 C .  

1 Day 
1 Mean s . d .  

3 months 
Mean s . d . 

6 months 
Mean s . d .  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

AV 10 c WAX 5 . 09 0 . 08 5 . 15 0 . 01 5 . 17 0 . 03 
BAG 5 . 09 0 . 08 5 . 15 0 . 04 5 . 15 0 . 03 

15  c WAX 5 . 08 0 . 04 5 . 15 0 . 04 5 . 17 0 . 01 
BAG 5 . 08 0 . 04 5 . 15 0 . 02 5 . 2 8 0 . 08 

ov 10 c WAX 5 . 05 0 . 05 5 . 08 0 . 05 5 . 12 0 . 05 
BAG 5 . 05 0 . 05 5 . 10 0 . 06 5 . 15 0 . 07 

15  C WAX 5 . 05 0 . 05 5 . 13 0 . 06 5 . 3 7 0 . 13 
BAG 5 . 05 0 . 05 5 . 18 0 . 05 5 . 43 0 . 2 6 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 s . d .  - s tandard deviation . 

1 1 . 4 . 3 Bacterial Counts . The counts of s tarter in aseptic  

vat cheeses and NSLAB in open vat cheeses are  shown in Fig  

1 3 . The s tarter counts in open vat cheeses were not measured 

as after 1 month the NSLAB have grown to such counts in the 

cheeses that they outnumbered the s tarter on Ml7 agar . NSLAB 

organisms were absent (<1 cfu/g) except that surface 

contamination was found at the 6 month s amp l ing time on two of 

the four aseptically manufactured cheeses waxed and bagged and 

matured at 15  C .  

The s tarter count in aseptic vat cheeses decreased rap i dly 

in the cheeses held at 15 C reaching level s  o f  105 c fu/g at 

3 months and 104 c fu/g at 6 months . At 10 C however the 

decrease was much s lower , with levels o f  107 c fu/g being 

found at 3 months and 2 . 5*105 cfu/g at 6 months . 
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Figure 13 , Starter and NSLAB counts in aseptic and open vat 
cheeses matured either rinded and waxed or waxed and bagged , 
S tarter and NSLAB counts were determined in cheeses made on 
the same day in either the aseptic vats from milk drawn 
aseptically , or in open vats from bulk milk from the same 
farm . The cheeses were matured at either 10 C or 15 C in 
either b arrier bags with waxing of the chees e  surface before 
bagging , or rinded and waxed . 8 -8 , S tarter in asep tic vat 
cheeses ; A - A , s tarter in open vat cheeses ; 0 - e  NSLAB in open 
vat cheeses (no NSLAB were found in aseptic vat cheeses ) .  
Open symbols , 10 C ;  closed symbols , 1 5  C .  

9 
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The NSLAB count in the open vat cheeses rose  rapidly from 

150 cfu/g at 1 day to 3 . 5*105 cfu/g in the first 14 days 

( when the cheeses were at 12 C ) . After that time , the NSLAB 

count in the cheeses at 15  C continued to rise rapidly 

reaching levels of 2*107 cfu/g by 3 months . In the cheese s  

held a t  1 0  C the count had only reached 107 c fu/g at 6 

months . 

1 1 . 4 . 4  Texture and Flavour . The F-values and estimates o f  

s i gnificance for the textural and flavour differences between 

the cheeses made in aseptic or in open vats , matured e i ther 

bagged or rinded , s tored at 10 C and 15 C and measured after 3 

and 6 months are shown in Table xxii i . The means of all the 

s ignificant factors are shown in Table xxiv . 

1 1 . 4 . 4 . 1  Texture . Aseptic vat cheeses were less  crumbly than 

open vat cheeses but also smoother and s t ickier ( all P<5 % ) . 

Rinded cheeses were less smooth ( P<5 % )  and more gritty ( P<5 % )  

than bagged cheeses . When the Anova was performed without 

splitting , firmnes s  also showed as be ing higher in rinded 

cheeses  ( P<5 % ) . 

Rubberiness  decreased with s torage temperature ( P<5 % ) , 

crumblines s  increased with temperature ( P<5% )  and time 

( P<O . l% ) , and stickines s  with time ( P<l% ) regardless of 

treatments . There were no s ignificant interactions between 

the various factors . 
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Table xxi i i ,  F-values and estimates o f  s ignificance o f  
texture and flavour attributes of cheeses made in the aseptic 
and open vats and matured e i ther waxed or bagged hel d  for 6 
months at either 10 or 1 5  C .  

Repl zfbw zb/T zT bT zbT/t z t  bt zbt Tt zTt bTt zbTt 

Firmnes s  2 

Rubbery *** 3 
3 2 . 30 

Crumbly * * *** 
12 . 98 8 . 48 6 5 . 3 1 

Smooth * * 
14 . 5 1 7 . 4 3  

Sticky * ** 
1 7 . 54 8 .  7 1  

Mealy 

Gritty ** 
16 . 70 

Ac id/sour *** ** 
49 . 54 12 . 30 

Fruity * *** *** *** 
17 . 77 9 6 . 09 2 9 . 3 3 2 2 . 3 7 

Sulphide *** *** ** 
3 2 . 43 44 . 98 1 3 . 06 

Sharp *** * *** * ** 
7 7 . 14 5 . 15 113 . 64 4 . 92 9 . 53 

B itter * * *** 
27 . 54 7 . 00 38 . 39 

1 Rep - Repl icate , z - treatment , bw - Bagged or waxed �rinded) , T - Temperature , t - t ime . 
For clarity , the data for non - s ignificant factors has been 

omitted . 
3 *  = p < 5 % , * *  = P < 1 % , * * *  = P < O . l %  

11 . 4 . 4 , 2 .  Flavour . All the attributes were s ignificantly 

increased by both temperature and time . The s ignificance was 

P<O . l% in all except two cases - b itternes s  with temperature 

( P<5 % )  and acid with time ( P<l% ) .  Treatment ( aseptic vat 

versus open vat manufacture ) only affected fruitine s s , with 

the aseptic vat cheeses being less  fruity than open vat 
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cheeses ( P<5% ) .  Surface treatment did not affect any o f  the 

flavour attributes .  There was a s l ight replicate effect on 

b itternes s  ( P<5 % ) ,  with one replicate scoring consi stantl y  

higher for b itternes s  than the others . The intens i ty level s  

were less than 2 . 0  (Ui . e . u  be low thresho ld) . 

Table xxiv . Means of the s igni ficant differences in texture 
and flavour attributes of cheeses  made in the aseptic (AV) and 
open (OV) vats and matured either waxed and bagged ( BAG) o r  
waxed and rinded ( WAX) and held for 3 and 6 months at e i ther 
10 or 15  C .  

Treatment Storage Temperature Time 
AV ov BAG WAX 10 c 1 5  c 3 mo 6 mo 

Firmnes s  1 

Rubbery 1 .  8 2  1 .  3 1  
Crumbly 2 . 10 2 . 71 2 . 17 2 . 63 1 .  9 2  2 .  9 2  
Smooth 4 . 9 5 4 . 38 4 . 82 4 . 53 
Sticky 4 . 51 4 . 10 4 . 20 4 . 42 
Mealy 
Gritty . 02 . 06 

Acid/sour 4 . 35 4 . 99 4 . 53 4 . 81 
Fruity 2 . 7 2 3 . 06 2 . 54 3 . 2 5 2 . 69 3 . 10 
Sulphide . 6 6  1 .  7 7  . 6 7 1 . 80 
Sharp . 9 9  1 .  80 . 94 1 .  8 7  
Bitter . 49 . 73 . 31 . 94 

1 For clarity , the data for non- s ignificant factors has b een 
omitted . 

A number o f  attributes interacted at s ignificant leve l s . 

Treatment (AV or OV) interacted with both temperature and time 

for sharpnes s  (both P<5 % )  with the open vat cheeses showing 

greater intensi ties at the higher temperature or longer t ime 

( Table XXV) • 
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There was also a temperature*time interact ion for the 

fruitines s ,  sulphide and sharpnes s  attributes (Table xxvi ) .  

The cheeses held at 15 C showed a more rapid increase in 

intens i ty than did the cheeses held at 10 C .  

Table xxv . The differential e ffect of type of manufacture 
(aseptic or open vat) with either temperature or time of 
maturation on the sharpnes s  of cheese .  

Aseptic vat 
Open vat 

1 Trt - Treatment 

Trt1*Temp 
10 c 15 c 

. 9 3 
1 . 04 

1 . 54 
2 . 09 

Trt*Time 
3 months 6 months 

0 . 86 
1 . 02 

1 . 6 3  
2 . 13 

Whi le nei ther the 3 -way nor the 4 - way interactions were 

s ignificant , trends can be discerned from the plotted data for 

the fruity , sulphide and sharp attributes ( Fi g  14) . There was 

l ittle difference between the cheeses held at 10 C whether 

aseptic or open vat , bagged or rinded , and all increased 

s l i ghtly with time . However at 15  C ,  intens ities in the 

b agged cheeses increased more with time than in the waxed 

cheeses , and intens ities in the open vat cheeses increase d  

more than i n  the aseptic vat cheeses . In all cases , the open 

vat b agged cheeses had the highes t  intens ities of all 

treatments at 6 months of age . 
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Figure 14 , Threeway interaction means for fruity. sharp and 
sulphide attributes of the flavours o f  aseptic and open vat 
cheeses matured e i ther rinded and waxed or waxed and bagged . 
The threeway interaction means o f  the flavour attributes o f  
aseptic and open vat cheeses  matured e i ther waxed and bagged 
or waxed and r inded were determined by analys i s  of variance . 
The mean values of four replicates , for the attributes fruity , 
sharp and sulphide are shown at 3 and 6 months . 0 - e , waxed 
and bagge d ; 1!1 -• , rinded and waxed .  Open symbols , 10 C ;  
closed symbols , 15  C .  

6 
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Table xxvi . Temperature*time interaction means for 
fruitiness , sulphide and sharp of cheeses made in the aseptic 
and open vats and matured either waxed or bagged held for 3 
and 6 months at either 10 or 1 5  C .  

3 mo 
6 mo 

3 mo 
6 mo 

3 mo 
6 mo 

10 c 1 5  c 

Fruitiness  

2 . 5 1 
2 . 5 7 

Sharp 

. 65 
1 . 34 

2 . 8 7 
3 . 6 7 

1 . 23 
2 . 43 

Sulphide 

. 40 

. 9 5 
. 94 

2 . 70 

1 1 . 4 , 5  Conculsions . The waxing o f  the cheeses before bagging 

reduced the surface contamination virtually to zero . 

Therefore , any conclus i ons drawn are not clouded by the 

presence of contaminating surface NSLAB contamination as was a 

problem with the previous section . 

The mo is ture , salt and calcium contents and the pH at 1 day 

o f  the cheeses from the two treatments ( aseptic or open vat 

manufacture ) were almo s t  i dentical . The open vat cheeses had 

a 1% higher fat content and this was reflected in a 1% higher 

MNFS , and a 2 %  higher FDM . Interestingly , the panel 

asses sment of the texture was that the aseptic vat cheeses 

were less crumbly , smoother and s tickier , when from the 

compos ition , one might expect the reverse . 
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The open vat cheeses cons i s tently had higher fruitines s  

levels ( P<5 % )  than the aseptic vat cheeses . Thi s  attribute 

showed s ignificance due to the narrow range of scores given by 

the panel . Other attributes differed by s imilar amounts but 

were not found to be s ignificant due to the wider spread o f  

intens ity values given by the pane l . 

The level of sharpnes s  increased more rapidly in open vat 

cheeses than in aseptic vat cheeses with both temperature and 

time . The threeway interactions ( though not statistically 

s igni ficant) showed that thi s  e ffect was almo s t  entirely due 

to maturing at 15  C ,  s ince the intensities in the cheeses held 

at 10 C were identical , as were the intens ities in the che e s e s  

a t  15  C after 3 months . 

Due to the wide range of s cores ascribed to the intens i ty o f  

sulphide , this attribute rarely attained s i gnificance 

s tatistically . However , the data for the threeway 

interactions ind icated that there was a difference at 6 months 

between open vat and asep tic vat cheeses , with the open vat 

cheeses having higher sulphide levels . Thi s  may have 

contributed to the detection of higher sharpnes s  level s  s ince 

sharpnes s  is associ ated with the mature flavour of which 

sulphide is a part . The threeway interactions also showed 

that the bagged cheeses had higher levels of sulphide than the 

waxed cheeses . Whether thi s  was due to greater production o f  

sulphurous compounds in the bagged cheeses , o r  t o  the greater 

retenti on of these compounds by the presence of the bag i s  

unknown . 
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The results of thi s  section confirm the results of Section 

1 1 . 3 ,  but with the added certainty due to the absence of the 

surface contamination found in the unwaxed cheeses . The 

presence of NSLAB did not affect the texture or flavour of 

cheeses at either 10 C or 1 5  C in 3 months , but when the 

cheeses were hel d  for 6 months at 15  C ,  the NSLAB , whe ther 

adventitiously or del iberately added , increased the sharpnes s  

and sulphide characteristics . 
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I I . S .  The Effect of NSLAB Addition to Aseptically Made 

Chees es . 

!1 . 5 . 1  Introduction . Previous attempts to introduce cultured 

NSLAB into cheese produced atypical flavours ( Sherwood , 1939c ; 

Re iter e t  al , 1 9 67 ) . On the assumption that thes e  flavours 

were produced because of the method of culturing and 

inoculation o f  the NSLAB , methods were devised to introduce 

NSLAB cultures in a way that would mimic the growth o f  

pos t - pasteur ization adventitious contamination . 

Representative cultures of the NSLAB isolates held at the 

NZDRI were selected ( S ection ! ! . 5 . 2 ) ,  cultured in 

reconst i tuted skim milk ( S ection !! . 5 . 3 ) and inoculated into 

aseptically manufactured cheeses ( Section ! ! . 5 . 4 ) . 

Having e stab l i shed that the organisms could be sucessfully 

introduced and grew at rates s imi lar to those found naturally , 

a trial was conducted to determine the effect o f  two 

representative s trains on the texture and flavour formati on in 

the cheeses ( Section ! ! . 5 . 5 ) . Unfortunately , thi s  trial was 

comp leted before the surface contamination problem was 

resolved , and the results are confounded by the growth of 

adventi ti ous NSLAB on the cheese surface . S ince l ittle e ffect 

of NSLAB was found in this trial , or in the trials reported in 

Sections ! ! . 3  and II . 4 ,  thes e  trials were not repeated without 

surface contamination . 
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I I . 5 . 2  Characteristics of NS1AB cultures . To select 

representative NSLAB , the culture collection of the NZDRI was 

checked to determine what types of lactobacilli and pediococci 

had been isolated from cheese . Forty iso lates were examine d ,  

compris ing 15  isolated from N . Z .  Cheddar cheeses and depos ited 

before 1 9 7 3  by G .  Hogland , 3 from NZ Cheddar cheeses and 1 3  

from large block American Cheddar cheeses isolated by Dr . 

T . F . Fryer about 1976 , and 9 recent i s olates from Dr . 

T . D . Thomas also from NZ Cheddar cheeses  but from a different 

manufacturing plant . 

Of the 40 isolates tes ted , 23 were homolactic lactobac i l l i , 

10 heterolactic lactobacilli and 7 Pediococc i .  

I I . 5 . 2 . 1  Homolactic lactobac illi . The characteris tics o f  the 

homolactic lactobacilli are shown in Table xxvi i .  As all grew 

at 15 C they were not of the thermoph i l ic group of s trains . 

In MRS broth ,  5 produced only L- lactic acid ( indicative o f  � 

casei ) ,  3 produced only D - lactic aci d  and 15  produced 

DL- lactic acid ( indicative of L. plantarum , Rogosa , 1974 ) . 

Three i solates were selected for chee semaking trials on the 

bas i s  o f  their differing production o f  D - lactate . I solate 4 3  

produced DL- lactate , isolate 4 4  produced D - lactate and i so l ate 

45 produced L- lactate . All were able to metabolize lactos e  

and clot either milk o r  yeast - mi lk and none utilized citrate . 

Isolate 3 8  was rej ected ( although s ome information has been 

pub l i shed ( Thomas and Crow , 1983 ) as it appeared to ferment 

c itrate . 
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! ! . 5 . 2 . 2  Heterofermentative lactobacilli . The characteris tics 

of the heterolactic lactobacillus cultures are shown in Table 

xxvii i . All were isolated from Cheddar cheeses made in NZ , 

one made in the NZDRI and 9 commercially manufactured. 

Table xxvi i ,  Growth characteristics o f  various homolactic 
lactobacillus cultures originally isolated from Cheddar 
cheeses . 

Gas Growth �r�wth 
Culture in MR.s 1 in MR.S at �n % 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Std 2% cit lSC 45C Ml 7 RSM YM D lac3 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 4 + + + 7 3 
7 + + + 7 7  
8 + + + 85  
9 + + + 81  
10 + + +sl 5 8  
1 1  + + + 70 
12 + + + 45 
1 3  + + + 68 
2 3  + + + nd 39 
28 + + + nd 17 
29  + + +sl + 7 1 
3 1  + + + 78 
3 2  + + +sl + 0 
3 3  + + + 93 
34 + + + nd lOO 
3 5  + ? 
3 6  + + +sl nd 0 
3 8  lA + + + + 62 
42 + +s l 60 
43  Ll4 + + + 8 3  
44 + + + 91  
45 + + + nd 0 
46 + 0 

1 MR.S - Man , Rogosa and Sharpe liquid medium , Std - with 
normal c itrate concentration , 2 %  cit - with 2 %  citrate . 
2 Liquid media , Ml7 - medium of Terzaghi and Sandine ( 197 5 )  
with lactose as energy s ource , RSM - recons tituted skim milk , JM - RSM with 0 . 5% added yeast extract 

D- lac - D - lactic acid produced 
4 - - abs ence of production or growth ; + - production or 
growth ; nd - not determined ;  s l  - s low 
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Three of these were isolated about 1960 and 6 in 197 2 .  

As MRS broth contains 0 . 5% citrate the isolates were tested 

for gas production both with and without citrate . When 

ci trate was omitted 8 produced gas while 2 did not grow . Thus 

the 8 s trains were truly heterofermentative on glucos e . When 

the isolates were plated on citrate differentiating media 

(either McKay ' s or KCA) 4 showed citrate fermentation . As all 

grew at 15 C they did not belong to the thermophilic group o f  

lactobacilli . 

Table xxviii . Growth characteris tics of various heterolactic 
lactobac illus cultures originally isolated from Cheddar 
cheeses . 

Cul ture Gas in 
MRS 

Growth in 
MRS at 

+cit - c i t  15C 45C M17 RSM YM 

Colgnies 
in 

K&M KCA 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 +5 + + + +sl 5 3  blue + 
4 + + + + + 54 n + 
5 + + + + + + 45 n + 
6 + + + + +s1 7 7  n + 
2 2  + + + +s1 31 nd nd 
24 + + 0 white 
2 5  + + 41 n 

2 6  + + + 26 n 

2 7 + + + 27 nd nd 
3 0  + + + 29  nd nd 

1 MRS - Man , Rogos a  and Sharpe liquid medium , + cit - with 
�o rma1 citrate concentration , - cit - without citrate . 

Liquid media , Ml7 - medium of Terzaghi and Sandine ( 1 97 5 )  
with lactose as energy source , RSM - recons tituted skim milk , JM - RSM with 0 . 5% added yeas t extract 

D - lac - D- lactic acid produced 
4 Agar media , K&M - medium of Kempler and M+cKay ( 1980 ) , KCA 
- calcium citrate agar of Nickels and Leesment ( 1964) 
5 - - abs ence o f  production or growth ; + - production or 
growth ; nd - not determined ; s l  - s low 
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I solate 2 was selected for use in cheese manufacture as it 

was able to utilize both lactose and citrate and clotted 

yeas t - milk . 

I I . 5 . 2 . 3  Pediococci . The characteristics of the pediococcus 

isolates are shown in Table xxix . Three isolates were from 

N . Z .  made Cheddar cheeses from two different sources , and 4 

from cheeses made in the U . S . A .  All the cultures grew i n  MRS 

broth at 30 C producing DL lactic acid without gas , all grew 

at 15 C but none grew at 45 C .  All grew in Ml7 broth ( lactose)  

however none clotted milk at 30 C .  When RSM was fortified 

with 0 . 5 % yeas t extract all the strains were able to produce a 

clot , however some required at leas t 3 days incubation . 

Table xxix . Growth characteristics of various pediococcus 
cultures originally isolated from Cheddar cheese s . 

Culture Identity Growth in MRS l Growth in2 %D- 1ac3 
Toptc4 

lSC 45C gas Ml7 RSM YM in MRS in YGM 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3 ex TFF5 (NZ) +6 
- + + 50 3 5 . 9  

10 ex TFF (USA) + + + 5 8  34 . 0  
14 ex TFF (USA) + + + 26  3 6 . 8  
15 ex TFF (USA) + + + 2 5  3 6 . 4  
16 ex TFF (US�) + + + 2 2  3 7 . 1  
3 9  P S  ( ex TDT ) + + + 5 3  3 5 . 0  
40 P6 ( ex TDT) + + + 5 5  3 5 . 0  

1 MRS - Man , Rogosa and Sharpe liquid medium , gas -�roduction of gas . 
Liguid media , Ml7 - medium of Terzaghi and Sandine ( 197 5 )  

with lactose as energy source , RSM - recons tituted skim milk , JK - RSM with 0 . 5% added yeast extract 
D - lac - D - lactic ac id produced 

4 ToptC - Temperature optimum for growth 
5 TFF - Dr T . F . Fryer , NZDRI , TDT - Dr T . D . Thomas , NZDRI 
6 - - absence of produc tion or growth ; + - production or 
growth 
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The temperature optimum of each isolate was determined by 

incubation in yeast - glucose-milk for 18 h in a Toyo 

temperature gradient incubator . All had optimum temperatures 

between 34 . 0  and 37 . 1  C (mean 3 6 . 0 ,  sd 1 . 1  C ) . Thus all the 

cultures appeared to be very similar and to exhibit the 

characteris tics of Pediococcus pentosaceus s ince the 

temperature optimum of this species is 3 5  C (Kitahara , 1974 ) . 

Isolate 3 9  has been used previously for cheese manufacture 

( PS of Thomas and Crow , 1983 ) . I t  grew rap idly in the cheese 

when inoculated at 100 cfu/g from an MRS culture , reaching a 

peak of 5*107 cfu/g at 7 days . This isolate rapidly 

interconverts D - and L- lactic acid to form a racemic mixture 

in both broth culture and in cheese .  

I I . 5 . 3 .  Growth Characteristics of NSLAB in Milk . When Pe3 9  

was inoculated into RSM from MRS cul ture , the count rose 

rapidly to reach 2*108 cfu/g by 24 h ( Fig . 1 5 ) , with a 

culture pH of 5 . 8 .  Subculturing s equentially after 24h o f  

growth yielded cultures peaking a t  counts of around 1*108 

cfu/g within 48 h .  However ,  i f  the culture was held beyond 

the 24 h subculturing point , a low pH was obtained in only the 

first subculture from the MRS broth grown inoculum with that 

culture clotting in 3 - 4  days . Even after 7 days at 30 C ,  the 

pH of the fourth subculture in RSM had not dropped below 6 . 0 .  
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Figure 15 . Growth and acid production of pediococcus isolate 
Pe39 in RSM . Pediococcus isolate Pe39 was inoculated from MRS 
broth into RSM , incubated at 3 0  C and subcultured ( 1% 
inoculum) every 24 hours . Growth was measured by plating onto 
MRS agar , and acid production by pH change . The firs t ,  s econd 
and fourth subcultures were incubated up to 48 hours beyond 
their subculture time at 24 hours . 0 - 0 First culture ; 
A - .1.  s econd culture ; • - •. third culture ; £ - &. fourth culture . 
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The log mean counts after 48 h growth at 30 C in RSM of 

s train 2 (heterolactic lactobacillus ) ,  strain 43 (homolactic  

lactobacillus ) and strain 3 9  (pediococcus ) are shown in Table 

xxx . The heterolactic lactobacillus gave the highes t  counts 

( 2 . 3*108 cfu/g) , with both the pediococcus ( 5 . 5*107 cfu/g )  

and the homolactic lactobacillus (4 . 0*107 cfu/g) be ing 

subs tantially lower . For all 3 s trains , the s tandard 

deviation was relatively low at around 50% . 

In trials with Pe39 , folic or fol inic acid ( 0 . 001 - 0 . 1% )  had 

no effect on pH or count in RSM culture . Addition of glucose 

plus tryptic digest of casein ( glucose 1% , trypticase 0 . 5% ) , 

and addition of the extract of S .  cremoris 584 lowered the pH 

but did not increase the count in RSM culture . 

Addition of yeast extract increased the count to 1*109 

c fu/g and lowered the pH ( Fig . 1 6 ) . 

I I . 5 . 4  Procedures for the Inoculation of NSLAB - free curd with 

NSLAB organisms . The method of growth of NSLAB for controlled 

addition to NSLAB - free cheeses in the asep tic vats , and the 

s tage for their addition during manufacture , was inves tigated 

in the early phase of the proj ect , before the use of 

aseptically- drawn milk . Thes e  experiments were carried out 

with bulk-herd tanker- delivered milk us ing Pe39 grown either 

in MRS broth or in RSM . Three s tages in the manufacturing 

procedure were inves tigated - addition to the pasteurized milk 
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F igure 16 . Growth and acid production of pediococcus isolates 
Pe3 and Pe3 9  in MRS broth . RSM and RSM plus 0 . 5% yeast 
extract . Pediococcus isolates Pe3 and Pe3 9  were inoculated 
from MRS broth into either MRS broth , RSM , or yeas t milk and 
incubated at 30 C .  Growth was measured by plating onto MRS 
agar , and acid production by pH change . {!1- • MRS broth 
culture ; 0 - • RSM culture ; A - A yeast milk culture . Open 
symbols , Pe3 ; closed symbols , Pe3 9 . 
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Table xxx . Reproduc ibility of counts of NSLAB cultures grown 
for 48 h in RSM at 30 C .  

Run No Ho 43 1 He 2l 

A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
p 
Q 
R 
s 
T 
u 
V 
w 
X 
y 
z 

AA 
AB 
AC 
AD 

Number 

Mean 

+s . d .  
- s  . d .  

2 

-
1 .  5*107 
3 . 2*107 
2 . 9*107 
4 . 9*107 
3 . 0*107 

16 

4 . 0*107 

6 . 1*107 
2 . 6*107 

-

3 . 0*108 
1 . 8*108 
1 . 7*108 

10 

2 . 3*108 

3 . 2*108 
1 . 6*108 

-
10 . 7*107 

6 . 4*107 

-
5 . 1*107 
4 . 2*107 
5 . 8*107 
4 . 3*107 

-

7 . 9*107 
4 . 8*107 
3 . 4*107 

15 

5 . 5*10 7 

7 . 5*107 
4 . 0*107 

1 Counts ( in cfu/mL) of the various culture s . Ho 43  -
homolactic lactobacillus isolate 43 , He 2 - heterolactic �actobacil1us isolate 2 ,  Pe 39 - pediococcus isolate 3 9 . 

- - Not grown on that run . Each run was the inoculum 
culture used for cheese manufacture in Section 1 1 . 5 . 5 .  
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with the s tarter ; addi tion to the curd immediately after the 

removal o f  the whey at running ; and addit ion to the curd 

after milling and approx . 5 min before salt addition . The 

results are shown in Table xxxi . 

Table xxxi . Effect of growth medium o f  NSLAB ( Pe 3 9 )  and s i te 
of inoculation on the count in cheese . 

MRS Gro� 

Dress2 ld2 7d2 

( *10 - 4) (*10 - 5 ) ( *10 - 7 ) 

Control 3 < . 0003 . 00001 . 0000005 . 000003 
Milk 5 . 3  1 . 46 1 . 62 18 . 2  19 . 2  1 . 5  
Dry 5 . 3  1 . 46 2 . 4  9 . 6 30 . 7 1 . 9  
Mill 15 . 7 1 . 5 9 40 . 6 18 . 9  2 . 1  

Mean (+NSI.AB) 1 . 84 19 . 2  2 2 . 3  1 . 8  

RSM Grown 

Control 0 . 00 9  0 . 000007 
Milk 0 . 7 0 . 5  1 . 3  2 1 . 9  0 . 1  1 . 14 
Dry 6 . 33 4 . 0  4 . 5  2 . 6  1 . 2  0 . 007 
Mill 6 . 33 5 . 0  2 . 7  0 . 1  0 . 07 

Mean (+NSI.AB) 3 . 1  5 . 3  0 . 2  0 . 8  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 Bacterial c ounts in c fu/mL 
2 Bac terial c ounts in c fu/� d d a y s  = 3 

-
- not determined 

The MRS grown P39 grew rapidly attaining level s  in excess  o f  

108 cfu/g cheese in 7 days when inoculated at e i ther o f  the 

three s i te s . The mean counts ( in cfu/g)  at four different 

times were : 5 min . after press ing s tarted ( dres s ing) , 



4*104 ; at 1 day , 4*106 ; at 7 days 2*108 ; and at 14 

1 1 7 

days , 2*108 . Growth in RSM culture resulted in lower counts 

s o  a higher inoculum volume was used to maintain the initial  

count o f  the bacteria . The rate of growth was s lower than 

with the MRS grown cultures and the mean counts ( in cfu/g) at 

the different times were : at dress ing 3*104 ; at 1 day , 

5*104 ; at 7 days 3*106 ; and at 14 days , 8*107 . The 

count in the cheeses with the culture inoculated into the milk 

appeared to increase more rapidly than the count in the 

cheeses inoculated at either of the two s i tes . 

Five NSLAB isolates selected for chee semaking trials were 

tes ted to determine whether they grew in cheese under thes e  

inoculation conditions ( Fig . 17 ) .  Two homolactic lactobac i l l i  

( isolates 44 and 45 ) grew more rap idly than did pediococcus 

3 9 , while two ( isolates 38 and 43 ) grew more slowly . The 

heterolactic lactobac illus ( isolate 2 )  appeared to grow 

rapidly initially but to plateau at a lower level of about 

107 c fu/g . 

! ! . 5 . 5  Growth of NSLAB Organisms Del iberately Added to 

Aseptically Manufactured Cheeses . 

! 1 , 5 . 5 . 1  Initial Trial . The growth o f  the three s elected 

s trains was further tested by inoculation into the milled curd 

of cheeses made aseptically from non- aseptically drawn milk , 
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Figure 17 . Growth of 6 NSLAB isolates in aseptically 
manufactured Cheddar chee ses . S ix NSLAB isolates were added 
at milling , to the curd o f  Cheddar cheeses made in the aseptic 
vats from pasteurized bulk- tank milk . The cheeses were 
matured at 12 C and growth of the NSLAB organisms was 
determined by plating samples of the cheese taken in the first 
three months of maturation onto LBS agar . 0 - Cl)  Control ( no 
additions ) ; EJ - C]He 2 ;  8 - JI Pe 3 9 ; • - e Ho 3 8 ; A - A Ho 43 ; 
A - 4 Ho 44 ; • - • Ho 45 . 
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collected a s  described i n  Section I . A . 2 . 2 .  The results are 

the means of four trials with each culture at both maturing 

temperatures . 

The bacterial composition of the raw and pasteurized milks 

was reported in Section I . A . 2 . 3 ,  and the chemical compos i tion 

of the cheeses in Section I . A . 2 . 4 .  

Bacterial Counts in the Cheeses . The log mean counts of NSLAB 

in the cheeses ( as computed by the analys is o f  variance)  are 

presented in Fig 18 . The pediococcus culture grew rapidly 

reaching a plateau of 3*107 cfu/g by 35 days at both 10 and 

15 C .  The homolactic lactob acillus at 15 C also reached a 

plateau ( of 5*107 cfu/g) by 3 5  days but at 10 C the plateau 

took 3 months to be reached and was lower at 1*107 cfu/g . 

The count in the cheese containing heterolactic lactobac i l lus 

2 rose only about 1 . 5  logs in the first 6 months at 15 C and 

les s than 1 log in 9 months at 10 C .  From the data in Fig . 

18 , generation t imes were calculated ( Table xxxi i ) . 

Table xxx i i ,  Generation times ( in da�s) for NSLAB 
del iberatel� added to cheese . 

Control Pe 3 9 1 He 2 Ho 43 
Initial Later 

10 c 10 2 2 . 1  3 4 . 7 

15 c 4 2 1  1 . 6  7 . 5 1 . 7 

1 Pe 3 9  - pediococcus isolate 3 9 , He 2 - heterolact ic 
lactobacillus isolate 2 ,  Ho 43 - homolactic lactob ac illus �solate 43 

no secondary s lope 
3 no growth 
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Figure 18 . Growth o f  del iberately added NSLAB in aseptically 
manufactured cheeses . Three representative NSLAB i solates 
were added at milling , .to Cheddar cheese curd made aseptically 
from milk not asept ically drawn . The growth o f  the NSLAB 
organisms was determined during maturation at either 10 C or 
15 C .  0 - e Pe39 ; t::J - • He2 ; Q. - . Ho43 ; .t. - A  control (no added 
NSLAB) . Open symbols , matured at 10 C ,  closed symbols , 
matured at 15  C .  
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11 . 5 . 5 . 2  The Effect o f  NSLAB Addition on Texture and Flavour . 

11 . 5 . 5 . 2 . 1  S tatis tical Approach . S ince the heterolactic 

lactobacillus did not grow rapidly in cheese , the full texture 

and flavour trial was restricted to only 2 NSLAB cultures -

the pediococcus and the homolactic lactobac illus . A series o f  

12  cheese manufacturing trials was completed over a 1 month 

period in October and November 1985 . Each vat was used to 

make one cheese which was cut in half when 1 day old . The two 

half cheeses were matured separately - one at 10 C and the 

other at 1 5  C .  Samples were taken from each half cheese for 

bacterial , textural and flavour analys is . S ince the cheeses 

held at 15  C developed excess ive and unbalanced flavours by 6 

months , the panel assessment of texture and flavour was 

terminated at that s tage . 

As cheese from one vat was split and matured at the two 

temperatures and the samples for each t ime analys i s  were from 

the same chees e , the data could be analysed as a true spilt 

plot des ign described by the Anova 

Repl icate , Treatment/ Temperature/ Time 

However , s ince the cheeses were made over a short period in 

random order , the repl icate effect could be considered as part 

of the error , so the data was analysed by the Anova 

Treatment , (Rep<Trt ) /  Temperature/ T ime 

The flavour panel data was treated with the subsamples not 

as error . 



11 . 5 . 5 . 2 . 2  Cheese Composition . The compos ition of the 

1 2 0  

cheeses is given in Table xxxiii . No temperature or time 

fac tors were involved and there was no s ignificant effect o f  

treatment . 

As has been observed previously with cheeses made in the 

aseptic vats , the mois ture content was higher than is normal 

for N . Z .  Cheddar cheese , with a mean of 3 7 . 03 %  moisture and 

5 5 . 6 6 %  MNFS . All other factors appeared to be within the 

normal range . 

Table xxxiii . Chemical compos ition of cheeses made in the 
aseptic vat with and without added NSLAB cul tures . 

Mean Standard 
deviation 

Mois ture ( % )  3 7 . 03 . 80 
Fat ( % )  3 3 . 58 1 . 06 
pH 5 . 25 . 10 
Salt ( % )  1 .  87 . 12 
Calcium (mM/kg) 205 . 70 9 . 80 

MNFS ( % )  5 5 . 66 1 . 46 
FDM ( % )  5 3 . 14 1 .  81  
SNF ( % )  29 . 51 1 . 30 
S/M ( % )  5 . 05 . 33 
Ca/SNF (mM/kg) 69 7 18 

I I . 5 . 5 . 2 . 3  Bacterial Counts . The counts o f  s tarter and 

nonstarter bacteria are shown in Figs . 19 and 20 . In control 

cheeses the starter count decreased from 4*108 to 1 . 5*108 

c fu/g in the first month ( Fig 1 9 ) . Thereafter , the count in 

the cheeses held at 10 C fell uniformly to reach levels o f  

5*104 cfu/g at 9 months , while the count in the cheeses held 



9 

8 

-

� 7 ::J 
'+-
() 
Cl 6 0 

-=-

J- 5 z 
:::> 
0 
() 

a: 
w 
1-
a: 
<( 
1-
Cl) 

1 

� 6 
T I M E (months) 

Figure 19 . S tarter counts in aseptically manufactured cheeses  
with deliberately added NSLAB . S tarter counts were determined 
in cheeses made in the aseptic vats from milk drawn 
aseptical ly . The results are the mean values o f  four 
repl icates o f  a 3*2 BIBD experiment of three NSLAB c onditions 
( control p lus two NSLAB cultures added to curd at milling) , 
and the cheeses were matured at either 10 C or 1 5  C in barrier 
bags without waxing . 0- e Control cheeses (no added NSLAB) ; 
ll - 11. Pe 3 9  adde d ;  El - • Ho 43 added . Open symbols , 1 0  C ;  

closed symbol s , 15  C .  
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Figure 2 0 . Counts of deliberately added NSLAB organi sms in 
aseptically manufactured cheeses . NSLAB counts were 
determined in cheeses  made in the aseptic vats from milk drawn 
aseptically . The results are the mean values o f  four 
repl icates of a 3*2 BIBD experiment of three NSLAB conditions 
( control p lus two NSLAB cultures added to curd at mil l ing) , 
and the cheeses were matured at e i ther 10 C o r  1 5  C in barrier 
b ags without waxing . 0 -e Control cheeses ( no added NSLAB) ; 
A·• Pe 3 9  adde d ;  8- 11 Ho 43 added . Open symbols , 10  C ;  clos ed 
symbols , 15. G .  
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a t  1 5  C fel l  rapidly t o  around 4*105 c fu/g a t  3 months , and 

then only s l owly , reaching 1*105 cfu/g at 9 months . The 

count on Ml7 agar of cheeses to which NSLAB had been added 

fell s lowly to reach levels of 1*107 c fu/g at 6 months . At 

thi s  s tage the counts were not of s tarter , but reflected the 

high levels  o f  NSLAB in the cheeses . 

No NSLAB were detected in control cheeses held at 10 C 

either at day 1 or 14 ( Fig 20) . Thereafter ,  the count rose to 

reach a plateau of around 4*104 c fu/g at 3 months . No 

further increase in count was observed . In control chees e s  at 

15  C ,  the count rose rapidly after day 1 ,  reaching levels 

around 1*105 cfu/g at 3 months . Thereafter the rate of 

increase decl ined and the count at 9 months was 5*106 cfu/g . 

In the cheeses with added pediococci ( Fig 20)  the count 

rose rapidly from the 1 day count o f  3*103 cfu/g . At 15 C 

the count reached 3*107 cfu/g by 14 days , peaked around 

5*107 c fu/g by 1 month , and then decl ined only slowly to be 

1 . 5*107 cfu/g at 9 months . At 10 C the count increased 

s lightly more s lowly but s till peaked by 1 month at a level 

3*107 c fu/g . By 9 months , the count was s till around 

1*107 c fu/g . In the cheeses with added homolactic 

lactobac i l l i , the count at 1 day was 2 . 5*103 c fujg . In the 

o f  

cheeses a t  15  C the count peaked by 1 month a t  a level of 

2*107 c fu/g and did not decrease . However , in the cheese 

held at 10 C ,  the count increased more s lowly reaching level s  

o f  5*106 c fu/g a t  3 months and peaking at around 1*107 

c fu/g by 6 months . 
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I I . 5 . 5 . 2 . 4  Texture and Flavour of Cheeses Held for 6 months 

at 10 and 15 C .  The F-values and estimates of s i gnificance 

for the textural and flavour differences between the cheeses 

made with added pediococcus or homolactic lactobaci l lus are 

shown in Tab le xxxiv . The means of all the s i gnificantly 

different attributes are shown in Table xxxv . 

Table xxxiv . F-values and estimates o f  s i gnificance of 
texture and flavour attributes of cheeses made in the aseptic 
vat with added NSLAB cultures and held for 6 months at 10 C 
and 15 C .  

trt1 Temp trt*T time trt*t T*time trt*T*t 

Firmnes s  2 

Rubbery **.;5 ** 
3 5 . 9 3 10 . 49 

Crumbly *** 
125 . 7 2 

Smooth *** ** 
5 9 . 64 10 . 52 

S ticky 

Mealy * *** 
7 . 7 3 34 . 99 

Gritty *** * 
2 3 . 8 9 6 . 33 

Acid/sour *** 
43 . 44 

Fruity *** *** ** 
155 . 60 20 . 32 11 . 89 

Sulphide *** * *** ** 
157 . 78 6 . 78 24 . 49 1 1 . 3 5  

Sharp *** * * 
6 2 . 93 6 .  7 1  7 . 35 

Bitter *** * ** * 
2 6 . 20 6 . 91 6 .  7 7  4 . 54 

1 trt - treatment , Temp or T - temperature , t - time 
2 For c larity , the data for non- s ignificant factors has b een 
omi tted 

3* - p < 5 % , ** = p < 1 % , * * *  p < 0 . 1 % 
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Table xxxv, S ignificant means of the differences in texture 
and flavour attributes of cheeses made in the aseptic vat with 
added NSLAB cultures and held for 6 months at 10 C and 1 5  C .  

Temperature time 
10 c 15 c 3 mo 6 mo 

Firmnes s  
Rubbery 2 . 32 1 . 62 2 . 19 1 .  7 5  
Crumbly 2 . 65 4 . 17 
Smooth 4 . 42 3 . 54 4 . 12 3 . 85 
Sticky 
Mealy 2 . 25 2 . 6 7 2 . 8 9 2 . 05 
Gritty 2 . 02 2 . 85 

Acid/sour 4 . 42 4 . 99 
Fruity 2 . 37 3 . 2 7 2 . 61 3 . 02 
Sulphide . 59 1 . 6 3 . 80 1 . 43 
Sharp 1 . 16 1 .  9 1  1 . 35 1 . 72 
Bitter . 29 . 66 . 3 8 . 57 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Texture . There were no differences in texture between the 

control ,  added pediococcus and added lactobacillus cheeses  

that could be attributed to  the treatment . There were however 

differences due to the storage temperature and to time . 

Rubberiness  and smoothnes s  decreased with temperature whi l e  

crumbl iness ,  mealiness  and grittiness  increased . Rubberines s , 

smoothnes s  and meal iness  all decreased with time . 

Flavour . There were no s ignificant e ffects o f  treatment on 

the flavour in the cheeses , however all the flavour attributes 

were s ignificantly increased ( P<O . l% )  by the s torage 

temperature . Time increased fruitine s s  ( P<l% ) ,  sulphide 

( P , O . l% ) , sharpnes s  ( P<5 % )  and b itterne s s  ( P<5% ) .  



1 2 4  

There were two s ignificant treatment by temperature 

interactions ( Table xxxvi ) with the cheeses with added 

homolactic lactobacillus having the highes t  scores for b o th 

fruitiness  ( P<O . l% )  and sulphide ( P<S % ) . There were also three 

s ignificant temperature by time interactions - for sulphide , 

sharpnes s  and bitternes s  with P<l% , P<S % and P<l% 

respectively . 

Table xxxvi . Interaction means of the differences in texture 
and flavour attributes of cheeses made in the aseptic vat with 
added NSLAB cultures and held for 6 months at 10 C and 1 5  C .  

Treatment*Temperature 

Fruitines s  Sulphide 
10 c 15 c 10 c 15 c 

Contro l  2 . 27 2 . 59 . 51 1 . 34 
Homo 2 . 36 3 . 80 . 64 2 . 09 
Pedio 2 . 48 3 . 39 . 6 3 1 . 44 

Temperature*Time 

Sulphide Sharp B itternes s  
3 mo 6 mo 3 mo 6 mo 3 mo 6 mo 

10 c . 49 . 69 1 . 16 1 . 15 . 30 . 29 
15  c . 10 2 . 15 1 . 54 2 . 2 7 . 46 . 84 

In all three cases , the intens ity increased more rapi dly in 

cheeses held at 15 C than in cheeses held at 10 C .  

There was a s ignificant three-way interaction for b i tterne s s  

( P<S% )  showing no change a t  10 C but a s i gnificant increase in 

bitterne s s  in the cheese with added lactobaci llus s tored at 15 
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C ( Table xxxvi i ) . While the threeway interactions for 

fruitiness , sulphide and sharpnes s  were not s ignificant ( Table 

xxxiv) the ir means ( Table xxxvi i )  show that for fruit ines s  and 

sulphide the greatest  increase in intens i ty was in the cheeses  

with added homolactic lactobac i llus s tored at 15  C .  For 

sharpnes s  the cheeses with added pediococcus s tored at 15 C 

had the greatest  increase in intens i ty .  

I I . 5 . 6  Conclus ions . Inspection of the NSLAB isolates in the 

NZDRI culture collection show that L .  plantarum was the mos t  

frequently isolated species hel d ,  with L .  case i , heterolac tic 

lactobacilli  and pediococc i all be ing isol ated approximately 

as frequently . 

Table xxxvi i .  Threeway interactions for the differences in 
texture and flavour attributes of cheeses made in the aseptic 
and open vats and held for 6 months at 10 C and 15 C .  

10 c 
Control 
Homo 
Pedio 

Control 
Homo 
Pedio 

Friutiness  
3 mo 6 mo 

2 . 03 
2 . 42 
2 . 34 

2 . 24 
3 . 45 
3 . 19 

2 . 50 
2 . 30 
2 . 61 

2 . 94 
4 . 14 
3 . 58 

Sulphide 
3 mo 6 mo 

. 52 

. 45 

. so 

. 70 
1 . 52 
1 . 09 

. so 

. 82 

. 7 6 

1 .  9 7  
2 . 66 
1 .  7 9  

Sharp 
3 mo 6 mo 

1 . 15 
1 . 21 
1 . 13 

1 . 39 
1 .  7 3  
1 . 50 

1 . 10 
1 . 2 1 
1 . 24 

2 . 06 
2 . 14 
2 . 64 

Bitterne s s  
3 mo 6 mo 

. 18 

. 45 

. 25 

. 30 

. 55 

. 53 

. 2 9 

. 24 

. 33 

. 62 
1 .  31  

. 58 
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The inoculation of RSM grown cultures into cheese curd at 

mill ing gave a controlled rate o f  growth of both the 

homolac tic lactobacillus and pediococcus . Despite the 

impl ication of heterolactic NSLAB in off- flavour production in 

Cheddar cheese cooled at very s l ow rates ( Fryer , pers . comm . ) ,  

the s train tes ted did not grow s ignificantly at either 10 o r  

1 5  C .  S ince higher temperatures would not be recommended 

commercially , and this proj ect was aimed at the production o f  

acceptable Cheddar cheese flavour a t  normal temperatures , 

investigations us ing the heterolactic l actobaci l lus were 

discontinued . 

The addition o f  NSLAB had no detectable e ffect on the cheese 

texture . Ne ither was there any effect on the flavour of 

cheeses held at 10 C .  However ,  in the cheeses held at 15  C ,  

NSLAB addition ( especi ally the homo lactic lactobac illus ) 

resulted in cheeses with s i gnificantly increased b itterne s s  at 

6 months . While not statistically s i gnificant , the 

fruitine s s , sharpnes s  and sulphide intens ities were highes t  in 

the cheeses with NSLAB addition . Thi s  effect was s imilar to 

the effect noticed with adventitious NSLAB , in Sections I I . 3  

and I I . 4 .  S ince the effect was s o  smal l , the trial was not 

repeated with the cheese surface waxed to prevent 

contamination . 
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I I . 6  Discuss ion and Conclus ions for Parts I and I I . 

The aim of the current research was to determine the e ffect 

o f  NSLAB on the development of texture and flavour o f  Cheddar 

cheese matured in impermeable cheese bags . The s trategy was 

to e liminate the adventitious NSLAB flora by manuf�cturing the 

cheese in enclosed aseptic chee semaking vats . Selected , 

representative strains also re introduced into asept ically made 

cheese curd . 

I I . 6 . 1  Manufacturing Condi tions Required to Produce 

NSLAB - free Cheeses . 

The manufacture of bacteria- free cheeses appears to be a 

difficult and expens ive operati on . Kleter ( 19 7 6 )  obtained 

s terile cheeses by a combination o f  s trict preparation o f  the 

cows before milking , pas teurization of the milk , and the use 

of autoclaved vats . Others (Le Bars et al , 1 9 7 5 , O ' Keefe e t  

al , 1976a , b )  required the presence of antibiotic s  to ensure 

sterility .  However , s imple precautions may b e  sufficient to 

ensure NSLAB - free cheeses s ince various worker s  have produced 

such cheeses without these s tringent precautions ( Chapman e t  

al , 1966 ; Perry and McGillivray , 1964 , and Lowrie e t  al , 

1 9 7 4 ) . 

The system described in this report was des igned to be only 

as complex as needed . S imple precautions in the milking o f  

the cows were sufficient t o  ensure no NSLAB contamination o f  

the milk ( S ection I . A . 4) . Thi s  was required s ince at leas t 
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s ome NSLAB organisms were capable of surviving pas teurizati on 

at s ignificant levels  ( Section I . A . 3 ) . Only when complete 

s terility i s  required ( as in the production o f  s tarter - fre e  

cheeses ) would the more s tringent precautions o f  Kleter and 

Vries ( 19 7 5 )  be required . 

The vats were made of materials which were only required to 

withstand temperatures of 100 C ,  s ince , as no large autocl ave 

was available autoclaving ( as was done by Kleter , 1 9 7 5 ; 

Chapman et al , 1966 , Law et al , 1 9 7 6 a , b )  was not poss ible . 

Soaking the vats in Iodophor solution overnight followed by 

s teaming for one hour was sufficient to ensure the absence of 

NSLAB when the vats were swabbed and when s terile UHT milk was 

incubated in the vats ( Section I . A . l . 5 ) . Thi s  confirms the 

previous reports of work conducted in chemical and/o r  s team 

s terilized vats ( Perry and McGillivray , 1964 ; Lowri e  et a l , 

1 9 74 ) . 

Some reports ( for instance , Perry and McGillivray , 1964 ; 

Lowrie et al , 1 9 74)  indicate that i t  i s  poss ible to 

manufacture NSLAB - free cheeses from milk which was not 

aseptically drawn . The thermal death characteri stics o f  NSLAB 

( Section ! . 3 ) sugges t  that thi s  will be poss ible only s o  l ong 

as the NSLAB population of the raw milk does not contain � 

casei or Leu .  lactis organisms , and that the total population 

of NSLAB i s  l ow .  Therefo re , s ince s imple precautions in the 

milking and transport of the milk were adequate to ensure that 

NSLAB were excluded from the raw milk ( and also s ignificantly 
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reduced the total count of the pas teurized milk) , these 

precautions are to be recommended for the additional securi ty 

that they provide . 

! ! . 6 . 2  The Effect of NSLAB on the Maturation o f  Cheddar 

Cheeses . Previous attempts to introduce NSLAB into 

aseptically made cheeses have resulted in cheeses  of poor 

flavour . Thi s  was particularly noticeable in the work with 

" reference floras " at the NIRD (Rei ter et al , 1 9 6 7 ; Fryer , 

1 9 6 8 ) . Cheeses made without NSLAB have been reported to 

develop flavour as well as or more s lowly than control s  

( Lawrence 1 9 66 ) . 

The results of the present investigation show that when 

cheeses are matured at 10 C ,  there is no detec table difference 

in flavour whether or not NSLAB organisms are present ( Se c ti on 

! ! . 4) . However , in cheeses matured for 6 months at 1 5  C ,  

NSLAB - free cheeses  were lower in both sharpnes s  and sulphide 

attributes than cheeses with adventiti ous NSLAB present 

( Section ! ! . 4) . 

The increase in the sharpnes s  was qui te smal l , and the 

cheeses were very mild ( a  score o f  2 on a s cale o f  1 0 )  

indicating that sharpnes s  was at the threshol d  o f  detection . 

This may be due to the s tarter used , s ince the pair 584 p lus 

1 34 have been used extens ively in the New Zealand cheese 

industry to produce bland cheese , especially for the Japanes e  

market . 
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The increase i n  the sulphide attribute i n  cheeses containing 

NSLAB was particularly noticab le in cheeses matured in bags 

( I I . 4 ) . I t  i s  l ikely that thi s  i s  due , not to a greater r ate 

of formation of sulphur compounds , but to thei r  greater 

retention by the bag . Effectively , the waxed cheeses could be 

expected to loose a greater proporti on of the sulphides 

produced . An alternative argument would be that the bagged 

cheeses had a lower redox potential whi ch promoted degradat i on 

of sulphur containing amino acids . However the proponents o f  

the redox potential argument have argued that the NSLAB 

maintain a low redox potential in cheese after s tarter death . 

If  thi s  were true , then in the non-bagged chees e s  containing 

NSLAB there should have been a greater sulphide note than in 

the equivalent cheeses without NSLAB . No such difference was 

noted . 

S ince it i s  inherently difficult to obtain accurate redox 

potential measurements in chees e  over the extended maturing 

periods involved ,  it may yet be a while unti l  we can be sure 

whether waxed cheeses have a higher redox potential than 

bagged cheeses or cheeses containing NSLAB than NSLAB- free 

cheeses . I t  i s  obvious however , that the presence of NSLAB 

may increase the sulphide attribute in the cheeses . Mos t  

l ikely , the NSLAB contribute a greater resevoi r  o f  enzymes 

catalys ing the reactions forming sulphide compounds . 

Thus , s tarter alone appear to be quite capable o f  produc ing 

the environment required to produce the flavour associated 

with mild Cheddar cheese . They appe ar to be able to do thi s  
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without the intervention of NSLAB organisms . However , the 

NSLAB appear to contribute a greater abi l i ty to produce the 

sulphurous compounds required in very mature cheese but 

undes i rable in young or mild chee s e . The restrict ion o f  NSLAB 

c ounts in young cheese would not appear to be the cause o f  a 

reduct i on in the flavour of the mature chee s e . Rather the 

reduction in mature flavours results from holding the cheese 

at too low a temperature during the remainder o f  the maturing 

process .  As was shown by Fryer ( 1982 ) , once the NSLAB flora 

was controlled by the rap id cool ing , reducing the potential 

for heterolactic lactobacilli  to dominate the flora at an 

early age , Cheddar cheese can be r ipened quite success fully at 

rates dependent on the s torage temperature . For cheese 

required to be mature , tas ty , vintage or ep icure , rais ing the 

temperature will increase the rate at which the NSLAB grow , 

the maximum population of the NSLAB and the rate of maturing 

both of sharpnes s  and of the sulphide character . 

I t  follows that the s tarter holds a central role in the 

maturing o f  cheese , a role which has been underes timated in 

the recent past as workers have s tr iven to unders tand the 

postulated contribution of other bacteria . S tarter commence 

by converting the lactose o f  the milk into lactate with the 

consequent development of both a reducing environment and a 

low water activity . Removal of lactose removes the mos t  

avai l able energy s ource for the growth o f  o ther bacteria . The 

presence of a low redox potential further reduces the 

l ikelihoo d  that contaminat ing bacteria can grow , whi le the l ow 
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water activity , manipulated by the control of the cheese 

composition , ensures that any bacteria which are able to grow , 

do s o  only relatively s l owly . Apparently , only the NSLAB are 

adapted to rapid growth under thes e  conditions . 

The more subtle , but no less important role of the s tarter 

is to produce those enzymes which break down the cheese 

components to produce the flavour compounds . Among thes e  are 

the caseins , the fat , and the fat globule membrane . The rate 

of thes e  reactions will depend on at least four factors :  i )  

the concentration on the catalyst s  ( enzymes ) ;  i i )  the 

temperature for the reacti on ; i i i )  the water act ivity and iv) 

the redox potential . 

Many techniques have been used to increase the concentrati on 

of the catalys ts . Obvious ly to increase the concentration o f  

cells will increase the concentration o f  thei r  enzymes . Thi s  

approach was apparently suces s ful ( Lawrence and Gille s , 1 9 67 )  

although more recent attempts to reproduce thi s  e ffec t  in 

cheese where the bacterial counts were actually measured , 

could detect nei ther differences in the s tarter count after 

cooking nor differences in flavour at maturi ty (K . W . Turne r , 

unpublished results ) .  The presence of too many cells in the 

chees e  may lead to the development of undes irable bitternes s  

( Lowrie et al , 1974) . However ,  addition of a p opulation o f  

cells which cannot grow i n  the curd for one o f  a number o f  

reasons (heat shocked , deficient i n  protease , o r  through 
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having a high temperature optimum for growth) has been 

promo ted as a means of increas ing the rate o f  maturation i n  

chees e . 

Another intri guing l ine of approach has been to add enzymes 

without the cells or microencapsulated enzymes to ensure the i r  

entrapment i n  the curd and later slow release ( Law and King , 

1 9 8 5 ; Kirby and Law , 1 9 8 7 ) . 

However in the midst of all thi s , one potentially very 

profitable area of research has been overlooked- the selection 

of the s tarter itself for its c ontribution to flavour 

development . S ince the s tarter i s  the predominant ( indeed 

almos t  exclus ive) c ontributor of those compounds which produce 

cheese flavour , i t  follows that the differences in flavour 

whi ch have been noted are due to the s tarter . The starters 

therefore vary in their complement of those enzymes whi ch are 

required . Delib erate selection for fas t  flavour devel opment 

would produce s tarter cultures which produce faster maturing 

chees e . 

The recogniti on of s trains of s tarter which produce flavour 

rapi dly would lead to the poss ib i li ty of c omparing high and 

low flavour producing s tarters to discover how thei r  enzyme 

complements differ . S ince this i s  difficult in the l aboratory 

whe re broth growth o f  the cultures raises the p o s s ib i li ty that 

the production of the critical enzymes has been repre s s e d , 

thi s  l ine o f  research has not been pursued.  I t  is  t ime t o  

review this approach s ince the cheapest ,  and commercially mos t  

acceptable way o f  introducing additional enzymes t o  cheese  i s  
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s till the ir product ion in s i tu � by the s tarter . Not only 

does thi s  approach reduce ingredient costs , but it also 

obviates the need for the declarati on o f  added enzyme 

preparations . 

I I . 6 . 3  Po inters for Further Research . The research des c r ibed 

here indicates that the manufacture of NSLAB - free cheese need 

not be as difficult as may have been expected ,  as l ong as 

suitable precautions are taken . Therefore proj ects involving 

such manufacture may be more readily undertaken . 

S tarter contain the capability to produce Cheddar cheese 

flavour , however further research needs to be directed to 

determining which s trains produce the flavour compounds mos t  

readily , and what biochemical reactions have been promo te d . 

Development of new s trains should then concentrate on 

promot ing those attributes . S ince NSLAB when kept under 

control exert l i ttle e ffect on the early generation o f  

flavour , thi s  work need not initial ly involve aseptic 

manufacture of the cheese . 

As NSLAB cultures obvious ly contain the abi l i ty to produce 

s ome potentially des irable flavour components ,  further 

research is required to identify whi ch s trains have the 

greates t  benefit with the fewes t  s i de e ffects . Del iberate 

addit i on of selected s trains to cheese need not require the 

use of aseptic manufacture s ince the added bacteria should 
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outgrow the adventitious flora i f  c are is taken . However , i t  

i s  important that the inoculum cultures are grown i n  s terile 

reconst i tuted milk , not in broth culture . 

The role of a low redox potential developed by the s tarter 

in promo ting the reactions of maturation i s  s t i l l  not wel l  

researched . Aseptic manufacture , with or without the addit ion 

of selected s trains of NSLAB , could be used to e lucidate thi s  

e ffec t .  However , meaningful results will require the 

inventive use o f  partially permeable chees e  bags admitting 

oxygen at different rates , and the attaching of the redox 

e lectrodes securely through the b ags in such a manner that the 

elec trode never looses contact with the cheese throughout the 

l i fe of the experiment . 
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Part I I I . THE GROWTH OF LEUCONOSTOC ORGANISMS IN CHEESE 

The s tarter cultures used to make mos t  cheese except Cheddar 

cheese are composed of mixtures o f  S treptococcus cremoris and 

S .  lactis along with S .  diacetylactis  and leuconos toc 

s trains . Whi le it i s  poss ib le to enumerate leuconos tocs grown 

in the presence of s tarter organi sms by the use of a selective 

inhib i tor , there has been no sys tem devised to date which can 

selectively enumerate leucono s toc s trains grown in the 

presence of NSLAB . S ince all chees e  made in open vats 

develop a flora of NSLAB , it is difficult to follow the growth 

or death of s tarter leuconos tocs beyond the first few days o f  

maturing . 

Therefore , i t  was dec ided to attempt to manufacture cheese 

without NSLAB contamination us ing s tarter cultures which 

contained leucono s toc organisms . By thi s  means , i t  should be 

poss ible to follow the growth and death cycle o f  the 

leucono s tocs and also determine thei r  e ffec t  on the c i trate 

content of the cheese . 

Part I I I  describes the results o f  thi s  inves tiga tion . 
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I II . l .  Literature Review . 

Gas producing coccus - like organisms s imilar to thos e  now 

called leuconos toc were reported in cheese by Evans in 1 9 1 8 . 

S ince that time , many reports have appeared l inking the 

presence of leuconos toc organisms in the s tarter cul ture w i th 

the product ion of enhanced flavours and eyes in a wide range 

of cheese . Much of the early work was reviewed by Fryer 

( 19 6 9 ) . 

Description of the Genus Leuconos toc . Leuconos tocs form a 

s omewhat amb iguous genus within the Family S treptococcaceae , 

characterized by the heterol actic fermentation o f  glucose w i th 

the production of ethano l , acetate , D - lactate and co2 . 

Recent investigations of DNA homology (Garvie , 1 9 7 6 ; 

Hontebeyrie and Gasser , 19 7 7 ; Garvie , 1981 , 19 8 3 )  and enzyme 

immunological specifici ty ( Gasser and Gas ser , 1 9 7 1 ; 

Hontebeyrie and Gasser , 1 9 7 5 ; Gasser and Hontebeyrie , 1 97 7 )  

have es tablished that three o f  the originally recognised 

species ( Leu. mesenteroi des , Leu . dextranicum and Leu .  

cremori s )  are closely enough related t o  b e  cons idered 

sub species of Leu , mesentero ide s  ( Garvie , l9 8 3 ) . Their key 

phys iological features of interest to dairy techno logis t s  are 

the abi l i ty to ferment glucos e , galactose and lactose ( s ome 

spec ies 10 - 90% positive) and to metabolize c itrate 

( subspecies cremoris , >90 %  positive , subspecies mesentero ides 

and dextranicum 10 - 90% positive ) ( Garvie , 1 9 7 4 ) . 

/ 
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Leuconos tocs in Dairy Environments .  The common hab itat for 

leuconostocs is decaying plant material (Garvie , 1974) , 

however all species except Leu . oenos have been reported from 

dairy environments .  Perry and Sharpe ( 19 5 9 )  reported the 

presence of a Leu . mesentero ides organism in the milk of a 

s ingle herd , however they were unable to iso late the organ i sm 

from cheeses made of that milk . Hucker and Pederson ( 19 3 0 ) 

i s olated Leu . mesenteroides and Leu .  dextranicum but not Leu . 

cremoris from cheese . 

The mos t  common dairy s ources are the s tarter cultures used 

in the manufacture of various cheeses and of lactic butter . 

Leu . cremoris is the mos t  c ommonly reported species in thi s  

niche , however the other species have also been reported . 

These organisms are usually cons idered to be the causative 

organisms o f  aroma and eye formation in Dutch and o ther b rine 

salted cheese var ieties . In mixed culture s tarters , they are 

almos t  always found in the presence of S .  diacetylactis whi ch 

i s  also capable o f  forming gas and aroma . Cheddar cheese made 

with a s tarter containing leucono s tocs developed s l i t  defect 

( Sherwood , 1939a) whi le the defect was minimized in cheese 

made without leucono stocs in the s tarter . Leuconos tocs  were 

found in a Cheddar cheese with slit  defec t  ( Overcast and 

Albrecht , 1 9 5 2 ) . In cheese with only a S . lactis s tarter 

l ittle opennes s  was noticed , while addition of a leucono stoc 

culture with this starter caused distinct opennes s  ( Prouty and 

Goulding , 1946 ) . 
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Metabol ic Role o f  Leuconos tocs in Cheese . The normal ly 

accepted role for /leucono s tocs in cheese ( in common with � 

diacetylact i s )  i s  t o  metabolize the citrate present i n  the 

milk with the formation of co2 gas . Thi s  fermentati on 

produces acetate plus pyruvate , and s ince no NAD i s  used in 

its production ,  the pyruvate can be metabolized to flavourful 

compounds ins tead of lactate . Diacetyl , s ince it has an 

extremely low flavour threshold , is often the mos t  noticab le 

of these compounds . 

Fryer ( 19 6 9 )  concluded that the mode of c itrate breakdown i s  

identical t o  that o f  S .  diacetylactis . Coll ins and Speckman 

( 19 74 )  observed a s t imulation of the production of aceto in and 

diacetyl by Leu . cremoris when acetaldehyde was present in the 

media . Us ing radioact ive acetaldehyde , they showed that the 

label appeared in the e thanol produced , not in the acetate , 

acetoin or diacetyl . In cheese , acetaldehyde may be present , 

espec ially if thermophi l ic cultures are used . 

With S .  diacetylactis , citrate is used only when a 

fermentable carbohydrate i s  present (Deibel and Seeley , 

1 9 74) . However , there is s ome evidence (Mizuno and Jezeski , 

1959 ) that leuconos toc species can util ize c i trate in the 

absence o f  glucos e  at l ow pH . Whether thi s  occurs in cheese  

i s  not known . 

S ince both S .  diacetylactis and Leu . cremor i s  are added with 

the s tarter during cheesemaking , their numbers in the maturing 

cheese are l ikely to be high at firs t .  However NSLAB 

organi sms have also been shown to utilize c itrate under 
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aerob ic condit ions (Thomas , 1986 , 1987a) . Thus , to e s tab l i sh 

that ongoing c itrate uti l ization i s  due to the s tarter 

organisms , it is neces sary to conduct experiments in the 

absence of NSLAB . 

I t  was therefore dec ided to endeavour to manufacture cheese 

containing leuconos toc organisms in the aseptic vats , and 

determine their growth and death rates , while also measuring 

the rates of disappearence of citrate . Two different 

leuconos toc isolates were obtained from commercial cheese 

s tarters and their characteristics partially characterized 

( Section I I I . 3 . 1  and I II . 3 . 2 ) .  The performance of thes e  

s trains when inoculated into cheese was then determined in 

comparison to the performance of the type - s train of Leu . 

cremoris ( Section I II . 3 . 3 ) .  
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III . 2  Methods . 

1 1 1 . 2 . 1  Microb iological Methods . 

1 1 1 . 2 . 1 . 1  Culture His tory and Maintenance . Type s trains o f  

leucono s tocs were obtained from the NCDO collection . Culture 

Lc60 was isolated at the NZDRI and suppl ied by Mr . H . A . He ap . 

Culture Lc8 3  was isolated from a mixed s train s tarter culture 

(H83 , Chr . Hansen Labs . ,  Copenhagen , Denmark) plated on MR S  

agar containing tetracycline ( see below) . All s trains wer e  

stored froz en a t  - 7 5  C partial ly grown in MRS broth . Working 

cultures were maintained by weekly growth for 18 h at 30 C and 

s torage of the freshly inoculated media at 4 C .  RSM cultures 

were inoculated from the MRS cultures and maintained by weekly 

growth for 40 h at 30 C in RSM and s torage of the freshly 

inoculated culture at 4 C .  

1 1 1 . 2 . 1 . 2  Colony Counting . Colony counts o f  pure cultur e s  of 

leucono s toc organisms were obtained by pour - plating serial 

dilutions in half- s trength Ringers diluent in MRS agar ( Di fco 

Inc . , after Man et al , 1960)  with anaerob i c  incubation a t  3 0  C 

for 48 h .  

For selective plating of leuconos tocs in the presence o f  

s tarter organisms , 0 . 25 ug/mL tetracycl ine ( S igma Chemical 

Co . ,  S t .  Loui s , Mis s . USA) was added to the MRS agar 

immediately before pouring the plates . Plates were incub ated 

anaerobically at 30  C for 48 to 72 h .  The level o f  

tetracycl ine added was suffic ient t o  inhib i t  the s tarter 
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organisms ( S .  cremoris 584 and 134)  but did not inhib i t  the 

leucono stocs or the NSLAB organisms normal ly found in che e s e  

( L . E . Pearce , pers . comm . ) .  

Methods for preparing cheese s amples for p lating , and the 

methods for the determination of s tarter , NSLAB and other 

bacteria were as described previous ly ( Sections 1 1 . 2 . 5  and 

1 1 . 2 . 6 ) . 

1 11 . 2 . 1 . 3  Temperature Opt imum Determination . The method for 

the determination of the temperature optimum for growth was as 

detailed in Section 11 . 2 . 2 .  

1 1 1 . 2 . 1 . 4  Growth Sugar De terminations . The abi l i ty of 

leuconos toc cultures to grow on various sugars was determined 

by growth in MRS made from the cons t ituent dry ingredients 

( BBL Microb iology Systems , Cockeysville , MD ,  USA , for 

microb iologicals , and BDH , Poole , England for Analar 

chemical s ) , which also contained 0 . 7 5 %  agar (Davis Agar , 

Christchurch , N . Z . ) .  The s terile med ium was dispensed into 

s crew - topped tubes (Kimax , Kimble Products , Ohio , U . S . A) and 

the required volume of filter - sterilized sugar (Mil lipore 

Corp . Mas s . ,  U . S . A . , 0 . 2  urn pore s i z e )  added . The inoculum 

( di luted to give approximately 5 0  c fu/10 mL o f  agar medium) 

was added to the medium at 45 C and the agar rapidly 

s o lidified by cool ing with water . After s e tt ing , the agar was 

topped with a plug of pure 1 . 5% agar . The agar cultures were 
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incubated at 10 , 15 , 2 2  and 30 C for up to 2 months , and the 

presence of colonies monitored against inoculated control 

tubes without added sugar . 

1 1 1 . 2 . 1 . 5  Growth in RSM . The rate of growth of leucono s toc 

cultures in RSM was determined by inoculating 100 mL of RSM 

pre - equil ibrated to 30 C ,  with a suitable serial dilution o f  

RSM- grown cells , fol lowed b y  incubation a t  30  C i n  a 

water-bath . The cell dens i ty was measured by plating 

dilutions of the culture at vari ous times into MRS agar a s  

described i n  Section 11 1 . 2 . 1 . 2 .  

1 1 1 . 2 . 2  Chemical Analyses . The methods used for routine 

chemical analys i s  of the cheeses were detailed in S ec tion 

1 1 . 2 . 7 .  

Lactate Analys i s . The concentrations of the individual L and 

D isomers of lactic acid produced by the cultures growing in 

RSM were determined enzymatically ( Turner and Thomas , 1 9 80 ) . 

Citrate analys i s . The c oncentration of c itric acid in broth 

o r  cheese was measured by the UV spectrophotometric method of 

Dagley ( 19 74) . Before analys i s , 1 g s amples of grated cheese 

were diluted to 10 g with Mill i - Q  water and homogenized at 

2 0 , 000 rpm and 6 0  C us ing an Ultra- Turrax (Janke and Kunke l  

GmbH , Staufen , Wes t  Germany ) . The homogenized solutions were 

c larified by centrifugation for 10 min at 10 , 000 rpm and the 
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clear , defatted supernatent analysed . Where s amples requi red 

s torage before analys i s , either the grated cheese s ample , or  

the clarified supernatent was frozen at - 18 C .  

I I I . 2 . 3  Ci trate Util ization S tudies . The ab ility o f  isol ate 

Lc8 3  to utilize c itrate in the presence or absence of a 

fermentable carbohydrate was determined us ing cells grown in 

MRS broth . 

Cell Preparation .  One hundred mL quantities o f  MRS broth were 

grown to full growth ( 1*109 cfu/mL) and harvested by 

centrifugation ( 10 , 000 rpm/10 min) . These cells were washed 

twice with equal volumes of 2 - (N -morpholino ) ethane - sulphonic 

ac id (MES ) buffer ( 5 0mM , containing 50mM NaC l , and lOmM 

MgC12 ) at 4 C .  The washed cells were resuspended in 2 0  mL 

of the same buffer and held at 4 C unti l  use . 

Reaction Conditions . The react ion flasks contained 5 mL o f  

washed cell suspens ion added to 2 0  mL o f  MES buffer ( 50mM) 

containing 50mM NaCl , lOmM MgC12 and 3mM c itrate at 3 0  C .  

One series of flasks was adj usted to pH 6 . 25 and the o ther to 

5 . 25 with HCl . The reaction was initiated by the add i ti on of 

the cells to the pre - equil ibrated buffer . Control flasks were 

incubated without further adj ustment , whi le 100 uL volumes of 

glucose ( 25 0mM) was added to the experimental flasks at 15  min 

intervals , immediately after the removal of 500 uL s amples for 

c itrate analys i s . The samples for analys i s  were centri fuged 

immediately at 4 C and the supernatant frozen for later 

analys i s . 
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I II . 2 . 4  Aseptic Vat Cheesemaking . The cheesemaking programme 

i s  outlined in Tab le xxxvii i . All the procedures us ed for the 

aseptic manufacture of the cheese were as des cribed previously 

( Section I . A . l ) except in the following detai l s . 

The s tarter was reduced to 1 . 5 % ( 2 : 1  584 : 13 4  by volume ) and 

0 . 12%  o f  leucono s toc culture added at setting . The 

leuconos toc culture was grown in RSM for 24 h at 30 C ,  

reaching level s  of 107 to 108 cfu/mL without clotting the 

milk . 

After inoculating , setting , coagulating and cutting as 

normal , the curds and whey were held at 3 3  C and gently 

s tirred for 20 min before 40% of the volume was removed as 

whey and 20% o f  the initial volume was returned as s terile 

water ( autoclaved 1 2 1  C for 15 min) . The water was pumped 

from the s teril ization tanks into the vats by filtered air 

pressure through a tube with a syringe wired to the end to 

enable i t  to be inj ected through the Suba seal . Filling t ime 

was 20 min . 

Immediately after the whey was removed the cook was s tarted , 

heating the vat contents to 38  C in 40 min . At 2h SO min from 

setting the whey was all removed and the curd intermittently 

s tirred by hand to prevent cheddaring . The curd was hooped 4h 

00 min after setting . For dry salted cheeses , the salt was 

added 10 min before hooping . 
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Table xxxvii i .  Cheesemaking protocol for Gouda cheesemaking 
in the aseptic vats . 

Time (h . min) Temperature ( C )  

0 . 00 
0 . 25 
0 . 30 
1 . 10 

1 .  30  
1 .  35  

1 .  5 5  
2 . 10 
2 . 50 

2 . 5 5 

3 . 50 

4 . 00 

3 3 . 0  
3 3 . 0  
3 3 . 0  
3 3 . 0  

33 . 0  
33 . 0  

35 . 5  
38 . 0  
3 7 . 0  

3 7 . 0  

34 . 0  

34 . 0  

Comments 

Initiate equil ibrium 
Add s tarter 
Add rennet , cease stirring 
Cut coagulum , take whey 

s ample , s tart agitation 
Remove 40% of volume as whey 
Commence addition of s terile 

water to 80% o f  initial volume 
Commence heating 
Water addition complete 
Heating complete 
Commence running whey , take 

whey s ample 
Whey removal c omplete 
Dry stir , take whey sample at 

outlet 
Take pH sample , add s alt i f  

required 
Commence hooping 

After hooping (us ing the ' 10 lb . '  hoops described previously 

- see Secti on 11 . 2 . 3 . 2 ) the cheese were pressed at a pres s ure 

of 40 kPa us ing a 150 mm ram , for 1 h 30 min and then hel d  

overnight in a 15  C room . Following dehooping and sampl ing on 

the next morning all the cheese were bagged into cheeseb ags , 

except for one of the nonsalted cheese which was immersed for 

36 h in autoclaved brine soluti on ( 23 %  NaC l  a t  pH 4 . 8 ,  

containing 0 . 2% calcium as Cacl2 ) in a s terile s tainles s  

s teel beaker . All cheeses were held at 10 C in a curing room 

until the end of the brining perio d .  After brining was 

complete , all the cheeses were wax coated by dipping into hot 

wax ( 11 . 2 . 3 . 4 ) , vacuum sealed in cheesebags and placed i n  the 
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curing rooms . One of the dry salted cheeses was held at 1 0  C 

while the o ther dry salted cheese , the nonsalted cheese and 

the brined cheeses were held at 15 C .  
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I I I . 3  Results .  

I I I . 3 . 1  Characterization of Leuconostoc I s o lates . 

Growth in Media Containing Tetracycl ine . Both Leu Lc6 0  and 

Leu Lc8 3  grew in MRS agar pour -plates containing tetracycl ine , 

while s tarter s treptococci ( s trains 584 and 134) did not . 

Morphology . Both isolates grown either in MRS broth o r  i n  

RSM , appeared s imilar to type - s train leuconos tocs when 

examined microscop ically . Both cultures appeared as short 

oval rods , in pairs and short chains . 

Lactic Ac id I somer . The isomer of lactic ac id formed during 

growth in RSM culture was determined by measuring the 

concentrations of L- and D - lactate enzymatically . Both 

i solates produced s ignificant quantities of D - l actate . 

Temperature Optimum for Growth . The optimum temperature for 

growth of both s trains was determined by determining the 

change in pH in a yeas t -milk culture incubated in a 

temperature gradient incubator . The optimum temperature for 

Lc60 was 2 8 . 0  C ,  and for Lc8 3  was 28 . 5  C .  

Growth on D ifferent Sugars . The ability o f  the two isolates 

to grow on various sugars was determined by inoculating 

suitable dilutions of MRS - grown cells into soft MRS agar w i th 

the glucose replaced by alternative sugars .  The results are 

shown in Tab le xxxix , along with the data obtained with 

type - s train cultures . Both i s olates grew on lac to s e  and i t s  
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two constituent sugars ( glucose and galactose ) ,  and on 

maltose . In additi on , Lc60 grew on ribose , arab inos e  and 

trehalose , whi le Lc8 3  grew on sucrose . 

Table xxxix , Growth o f  various leuconos toc i solates in MRS 
agar , with di fferent growth sugars . 

Culture Growth sugarl 

Glu Gal Lac Rib Sue Mal Ara Tre 

20095 Leu .  dextranicum +2 + + + + 
20082 Leu , mesentero ides + + + + + + + + 
20096 Leu, naramesenteroides + + + + + + + 
20053 Leu . cremoris + + + 

Le 60 + + + + + + + 
Le 8 3  + + + + + 

1 Glu - glucose , Gal = galactose , Lac - lactose , Rib -
ribose , Sue - sucrose , Mal - maltose , Ara - arabinose , Tre -
�rehalose 

+ - growth , - - no growth 

Growth in RSM . The growth of the type s train of Leu . cremoris 

and o f  the two isolates in RSM at 30  C i s  shown in Fig 2 1 . 

The doub l ing times were Leu , cremoris NZRCC 2005 3 , 1 . 89 h ;  

Lc60 1 . 43 h ;  and Lc8 3  1 . 21 h .  Both NZRCC 20053 and Lc8 3  grew 

to maxima in excess of 2*107 cfu/mL and remained at thei r  

maxima for a t  leas t 4 8  h .  I so late Lc6 0  only attained a 

maximum of 4*106 c fu/mL , and the count s tarted to decrease 

after 24 h .  

I I I . 3 , 2  The Effect of Glucose and nH on C itrate Utilizati on 

by Leuconos toc Lc8 3 . The disappearance o f  c itrate from a 

buffered s o luti on containing washed cells o f  Lc8 3  grown in MRS 
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Figure 2 1 .  The rate o f  growth o f  three leuconos toc i solates 
in RSM at 30 C .  One hundred mL vo!umes of s terile RSM at 30  C 
were inoculated with 1 mL of a 10 · dilution o f  RSM grown 
leucono stoc isolates and cultured at 3 0  C .  Cell counts were 
determined at various times by plating suitable diluti ons into 
pour - plates of MRS agar and incubating at 30 C for 48 h .  
Leuconos toc cremoris NZRCC 2005 3 , !A - !A ; leuconos toc Le 6 0 , 

0 - 0 ;  leuconos toc Le 8 3 , 8 - [!] • 
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broth , is shown in Fig . 22 . At a pH of 6 . 2 5 , l i ttle c i trate 

disappeared in 1 h however the addition of lmM glucose a t  

intervals of 15 min caused detectable c itrate disappearanc e . 

By contrast ,  at pH 5 . 25 ,  half of the c itrate had disappeared 

with in 1 h in the absence of any sugar , and in the presence o f  

glucose , citrate disappearance was rapid . No c itrate remained 

after the second addition of glucose . 

I I I . 3 . 3  Growth and Citrate Utilization by Leuconos toc 

I s olates in Gouda- type Cheeses . 

I I I . 3 . 3 . 1  S tatistical Approach . Twelve vats of cheese were 

manufactured on 6 days over a period of 8 weeks . On each 

manufacturing day , the curd in one vat was dry salted before 

press ing , and the resulting chees e  were matured at e i ther 10 

or 15 C .  The curd from the other vat was also pre ssed into 

two cheeses and one was brine salted . The s econd cheese 

remained unsalted throughout its l ife . Thes e  two cheeses were 

matured at 15  C .  

Three leuconos toc cultures were added on different occas ions 

to the cheese -mi lk with the acid-pro ducing s tarter . The s ame 

culture was added to both vats on each occas i on . On three 

occas i ons , Lc8 3  was used , Lc60 was used twice , and the 

type - s train of Leu . cremoris ( s train 2 00 5 3 )  was used once . 

The results presented below are the mean values of any 

rep l icates . 
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Figure 2 2 .  The e ffect o f  glucose and pH on the uti lization o f  
c itrate by Lc83 . Cells of leuconos toc Lc83 were grown in MRS 
broth , harves ted by centrifugati on and washed with 2 volumes 
o f  MES buffer ( 50mM) . The washed cells  were inoculated into 
MES buffer ( 50mM) at 30 C containing 3mM c itrate , 50mM NaCl 
and lOmM MgC12 at either pH 6 .  25 ( 0 -· ) or 5 .  25 ( {!) - ·  ) . 
Control flasks contained no sugar ( open symbol s )  while 5 0  ul 
al iquots of glucose ( final concentration lmM) were added to 
experimental flasks at 15  min intervals ,  immediately after 
removal of s amples for analys i s . The concentration of c i trate 
was determined enzymatically . Contro l , pH 6 .  2 6 , 0 - 0  ; c ontro l  
5 .  2 5 , I:::J - 8 ; experimental 6 .  2 5 , • - • ; experimental 5 .  2 5 , • · • . 

60 
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analys i s  o f  all 1 2  cheeses are presented in Table xc . The 

means for each fac tor are within the bounds of normal ly 

acceptable Gouda - type cheeses in N . Z .  and the standard 

deviations show that the variations between cheeses are smal l . 

Table xi. Compos ition of " Gouda" cheeses made in the aseptic 
vats . 

Mean s . d .  

Mo isture ( % )  40 . 8  1 . 0  
Fat ( % )  30 . 2  1 . 3  
MNFS ( % )  58 . 5  1 . 0  
FDM ( % )  51 . 0  1 . 7  
SNF ( % )  29 . 0  0 . 9  
ea (mM/kg) 195 9 
CajSNF (mM/kg) 6 .  7 3  0 . 34 
Salt - dry salted ( % )  1 . 6 8 0 . 26 
S/M - dry salted ( % )  4 . 07 0 . 6 2 
Salt -brine salted ( % )  1 . 46 0 . 2 1 
S/M -brine salted ( % )  3 . 60 0 . 50 
pH ld - dry salted 5 . 3 6 0 . 14 
pH ld -brine salted 5 . 20 0 . 06 
pH after 3m at 10 C 5 . 3 7 
pH after 3m at 15 C 5 . 43 
pH after 3m brine s·al ted 5 . 45 
pH after 3m no salt 5 . 5 1 

I t  was noticeable that the pH of the dry - s al ted chees e s  was 

0 . 16 unit s  higher than that o f  the unsalted cheeses at 1 day , 

probably due to the inhib ition of acid product ion by the early 

additi on of the salt . However the pH of these cheeses did not 

change s ignificantly during maturing , whi le the pH o f  the 

brined or unsalted cheeses rose to exceed that o f  the 

dry- salted cheeses by 3 months . 
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I I I . 3 . 3 . 3  Bacterial Counts in the Vat Mi lks and the Chee s e s . 

The vat milks contained no coliforms or micrococcus organi sms 

( absent in 10 mL) , or NSLAB ( absent in 5*10 mL s amples ) .  The 

mean value for the total count in the milk before s tarter 

addition was 6 . 7  cfu/mL . No NSLAB organisms were detected in 

the cheese at any s ampling t ime . 

The counts of leuconos tocs are shown in Figure 2 3 . The 

counts presented are the means of all cheese with each 

individual leuconos toc inoculum , s ince there was no de tec t able 

difference in count between the cheese with different salting 

treatments ,  or between the dry- s al ted cheese held at the two · 

temperatures . 

In the cheese inoculated with the type - s train of Leu . 

cremoris ( 20053 ) ,  the counts increased by a factor o f  10 

between inoculation and the end of pre s s ing , due to whey 

removal . The maximum count was 2*105 cfu/g . After 

press ing , the count remained fairly s table , being 1 . 4*105 

cfu/g at 1 month and 7*104 cfu/g at 3 months . By contrast ,  

in the cheese inoculated with s train Lc60 , the count increased 

to 5*105 cfu/g by 1 day , indicating that the culture had 

managed between 2 and 3 cell divis ion cycles ,  s ince whey 

removal would have increased the count to 1*105 c fu/g . From 

1 day onward , the count decreased to be 1*104 cfu/g at 1 

month , and 1*102 cfu/g at three months . 
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Figure 2 3 . The c ounts of three leuconos toc strains inoculated 
into aseptically manufactured cheeses , Leuconos toc isolates 
were inoculated into aseptically manufactured washed- curd 
cheeses ( Gouda- type) . The counts of leuconos toc organisms in 
the cheeses at various ages was determined by plating samples 
in MRS agar containing tetracycl ine and incubating 
anaerobically at 30 C for 48 h .  The data plotted are the 
means of all s torage conditions and replicates for each 
leuconos toc o rganism , s ince no difference in c ount was 
observed whether the cheese was salted by addit ion of dry salt 
at hooping (with maturing at either 10 C or 1 5  C ) , was salted 
by brining ( and matured at 15  C) or left unsalted ( and matured 
at 15  C ) . Leuconos toc cremoris NZRCC 2005 3 , & - 1:::. ( 1  trial ) ; 
leuconos toc Lc60 ,  0 - 0 ( 2  trials ) ;  leuconos toc Lc83 , 8 - I!J  ( 3  
trials ) .  
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In chees e  inoculated with culture Lc8 3 ,  the count rose 

rap idly up to about day 4 ,  reaching a maximum of 1 . 5*107 

c fu/g . Thi s  indicates at least 5 cell divis ion cyc les in the 

fresh cheese . The peak population was maintained throughout 

the firs t month , and then the count decreased to be 4*106 

c fu/g at three months . 

I I I . 3 . 3 . 4 Citrate Disappearance from Cheeses containing 

Leucono s toc s . The concentrations o f  citrate in the cheeses  

with different leuconostoc inoculi i  are shown in Figure 24 . 

In the cheese containing either s train 20053 or s train Lc60 ,  

there was a mean concentration of 0 . 149% c i trate at 1 day , and 

no uti lizati on in the first few weeks . The concentration in 

the cheese containing 20053 commenced to decrease after 25 

days , but was still 0 . 09 %  after three months . In the che e s e  

containing Lc60 , a decrease was only noticed a t  three month s . 

In the cheeses containing Lc8 3  there was an initial 

reduct ion o f  10% in the citrate concentrati on by day 1 .  

Thereafter , the cheeses which were brine - s al ted or had no 

s al t , showed a continuing decrease with no citrate be ing 

detectable by 3 months . In the cheeses with salt added b e fore 

hooping , c itrate disappearance was s l ower , the concentrati on 

at 3 months s till being around 0 . 06 % . 
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Figure 24 . The disappearance of c i trate from aseptically 
manufactured cheeses inoculated with one of three leuconos toc 
organisms . The concentration o f  c i trate in aseptically 
manufactured washed- curd cheeses (Gouda - type )  inoculated with 
various leuconos toc isolates was determined enzymatically 
dur ing maturation up to 3 months . No difference was noted 
between the different s torage conditions ( see caption Fig 2 3 )  
except for Lc83 where the data for dry - s al ted and brine o r  
unsalted cheeses are shown s eparately . Leuconos toc cremoris  
NZRCC 20053 , A - A (1  trial ) ; leuconostoc Lc60 , 0 - 0  (2  trials ) ;  
leucono s toc Lc83 ( dry - salted) , 8 - 8  ( 3  trials ) ;  Leuconos to c  
Lc 8 3  (both brine salted and unsalted) , • - • ( 3  trials ) .  
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III . 4  D is cus s ion , C onclus i ons and P o inters for Further 

Re s earch . 

I I I . 4 . 1  S train Characterization . Both i s o lates were 

charac t e r i s t i c  of l eucono s to c s  in the ir r e s i s tance to 

te tracyc l ine , the i r  micro s copic appearance and in the 

produc t i on of DL - lac tate . The temperature opt imum for growth 

indicated that b o th Lc 6 0  and Lc 8 3  were Leu . cremo ris i s o lates , 

s inc e , o f  the l euc ono s to c s , only Leu . cremoris has a 

temp erature opt imum b e low 3 0  C (Garvie , 1 9 7 4 ) . 

The sugar ut i l i z at i on patterns were more e quivocal . In the 

current research , the typ e - s train of Leu . cremo ris was 

galac t o s e  ne gative and sucro s e  p o s itive , whereas it is 

reported to be galac t o s e  p o s i tive and sucro s e  ne gative 

(Rieme l t , 1 9 7 2 , Garvie , 1 9 7 4 ) . The o ther typ e - s trains tes ted 

reacted as pub l i she d ,  except that the Leu . dextranicum culture 

did no t grow on sucro s e . 

Ne i ther Lc 6 0  no r Lc83 exhib ited a sugar utilization p attern 

which matched e i ther the pub l i shed patterns for beu . cremoris 

o r  the typ e - s train pattern determined in this res e arch . The 

Lc 6 0  i s o late matched mo s t  c l o s e ly to the pattern o f  Leu . 

parame s enteroide s , particularly s inc e it grew on arab ino s e  and 

trehalo s e , whi l e  the Lc 8 3  i s o l ate matched Leu . cremoris in all 

aspects exc ep t that i t  grew on mal to s e . 

I t  is b e l i eved that the mos t  appropriate l eucono s to c  in 

dairy fermentations is Leu . c remoris (hence its inc lus ion with 

S .  diac e tylac tis as " aroma bacteria " , Re iter and 
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Mol l e r - Mads en , 1 9 6 3 ; Wae s , 1 9 6 8 ) . While Lc 6 0  and Lc 8 3  were 

no t i dentical wi th the type - s train of Leu . cremoris in al l 

respects , they bear the charac teri s tics mos t ne c e s s ary in 

che e s e  s tarters - the ab ility to grow on lac t o s e  and its 

c ons t ituent mono saccharide s , and the ab i l i ty to metab o l i z e  

c i trate . 

1 1 1 . 4 . 2  Growth in RSM Culture . The three l eucono s toc 

cultures teste d  were able to grow in RSM as rapidly as the 

NS LAB cultures reported in S e c tion 1 1 . 2 .  Furthermore , they 

were ab le to be grown c ons is tently and rel iably in RSM 

enab l ing thi s  me dium to be us ed to produce cul tures for 

che e s emaking exper iments . The generat i on time s in RSM were 

around half tho s e  found by Goel and Mar th ( 1 9 6 9 ) , howeve r the 

max imum c ounts in RSM were approximately the s ame . I s olate 

Lc 8 3  was as s tab le at the maximum c ount as was the s t rain 

CAF - 1 6 0 1 9  of Goel and Marth ( 1 9 6 9 ) , however Lc 6 0  was no t .  

In unpub l i shed expe riments , the e ffect o f  growth s t imulants 

no ted by Goel and Marth ( 1 9 7 1  a and b ,  and 1 9 7 2 )  was 

c onfirmed , wi th a filter - s te r i l iz e d  extract of RSM - grown 

s tarter culture inc reas ing the maximum populat ion of b o th Lc 6 0  

and Lc 8 3 , but no t increas ing the generation time . 

1 1 1 . 4 . 3  Ci trate Utilization in Buffer . The uti l i z at i on o f  

c i trate by Lc 8 3  in buffer without sugar agre e s  with the 

findings of Mizuno and Jeze ski ( 1 9 5 9 ) , that leucono s tocs c an 

ut i l i z e  c i trate in the absence of sugar , part i cularly at l ow 
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pH . The ability to utilize citrate in the absence o f  sugar 

should confer on a culture the ab ility to utilize c i trate in 

washed- curd cheeses where the lactose is rapidly exhausted by 

curd-washing , and the init ial lack of salt . 

Citrate Utilizat ion in Washed- Curd Cheeses . The asep tical ly 

manufactured cheeses had compos i tions very c lose to the target 

for Gouda - type cheeses in N . Z .  The lack of NSLAB during 

maturation showed the efficacy of the aseptic vats and the 

surface waxing . Only Lc83 grew sub stantially after whey 

removal , and only in cheese with this culture was there a 

consi stent uti lization of citrate during maturat ion . 

Furthermore the cheeses with the lowest citrate uti l iz at ion 

were the ones with Lc60 , whose count rapidly decreased during 

maturation . I t  would appear that in order to ensure 

s ignificant citrate utilization the leuconos toc cul ture mus t  

have the ability t o  grow during press ing , and t o  remain s table 

in the cheese for at least a number of weeks . 

In dry - salted cheeses  the rate of citrate uti lization was 

not increased by maturation at 15 C .  However ,  in the 

dry - s alted cheeses  c itrate was uti l ized much more s l owly than 

in the brine - salted or unsalted cheeses . Therefore , to ensure 

rap id citrate metabol ism , it seems necessary to have low salt 

levels . 

While the sugar content of the cheeses was not measured , i t  

i s  highly l ikely s ince the curd was washed during manufacture , 

salted at low rates ( or left unsalted) , and hel d  init i al ly at 
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1 2  C ,  that there was no lactose present after 1 day . Thus the 

abi l i ty of Lc8 3  to uti lize citrate in the absence o f  sugar 

would also contribute to its abi l ity to utilize the c i trate 

pres ent in the cheese . 

The lack of growth or citrate utilizat ion by e i ther Lc6 0  o r  

NZRCC 20053 , indicate that ne ither i s  an appropriate s train 

for use in cheese where s ignificant citrate uti l i z ation i s  

require d .  S ince Lc60 has been used extensively for the 

production o f  Gouda - type cheese in N . Z . , it mus t  be questioned 

whether the eye - formation noted was a result of the addit ion 

of the leucono s toc . 

I I I . 4 . 4  Pointer s  to Further Research . Desp ite the volumes o f  

pub li shed material on the benefits of addition o f  leucono s to c s  

i n  the s tarter , l ittle information i s  available on the exact 

characteris tics required of the cul ture . The data reported in 

thi s  section has e s tablished that for citrate util ization in 

the chees e , the leuconostoc s train should be ab le to grow and 

remain s table over an extended perio d ,  as shown for Lc8 3  in 

both milk and chees e . I t  must also be able to uti l iz e  c itrate 

in the abs ence of lactose . Further research i s  required to 

es tab l i sh a pool of leuconostoc cultures with known growth 

character i s tics and to determine the metabolic product s  o f  

lactose and c itrate utilization in RSM and i n  chees e . I t  

would then be pos s ible to determine under what conditions 

leuconos tocs are s t imulated to utilize c itrate , and what 

products are produced . If  diacetyl flavour i s  des ired , i t  may 
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be prudent to include an acetaldehyde produc ing s tarter , 

particularly S .  thermophilus , in the s tarter s ince it  has been 

shown ( Co l l ins and Speckman , 1974)  that acetaldehyde promotes 

aceto in and diacetyl production by Leu . cremoris . 

S ince S .  diacetylactis is incapable o f  metaboliz ing citrate 

in the abs ence of sugar , the leuconos toc component of an 

aroma -produc ing starter will be the only organi sm present in 

large numbers in the ripening cheese which is capable of 

increas ing the aroma . A better understanding o f  the 

conditions which stimulate thi s  metaboli sm will enable the 

cheesemaker to more reliably produce tho s e  cheeses whi ch rely 

on the production of aroma compounds for the ir dis t inct 

flavours . 



1 5 9  

BIBLIOGRAPHY 

ADDA , J . , GRIPON , J . C .  and VASSAL , L .  
The chemis try of flavour and texture generation i n  cheese . 

Food Chemis try 9 : 115 - 129 , 1982 . 

ARBIGE , M . V . , FREUND , P . R . , SILVER , S . C .  and ZELKO , J . T .  
Novel l ipase for Cheddar cheese flavour development . Food 

Technology 40 9 1 - 9 8 , 1986 . 

ASTON , J . W .  and DOUGLAS , K .  
The production o f  volatile sulphur compounds in Cheddar 

cheeses during accelerated ripening . The Aus tral ian J ournal of 
Dairy Technology 3 8  : 6 6 - 70 ,  1983 . 

ASTON , J . W .  and DULLEY , J . R .  
Cheddar cheese flavour . The Aus tral ian J ournal o f  Dairy 

Technology 37 : 59 - 64 ,  1982 . 

BAIRD - PARKER , A . C .  
An improved diagnostic and selective medium for i s olating 

coagulase pos itive s taphylococc i . J ournal of Applied 
Bacteriology 25 : 12 , 1962 . 

BARNICOAT , C . R .  
Cheese discolouration : Oxidation o f  b ixin in annatto - coloured 

cheeses promoted by sulphydryl compounds . Journal of Dairy 
Research 30 : 209 - 2 13 , 1950 . 

BEHNKE , U .  
Biogene s i s  o f  cheese flavours . Die Nahrung 24 7 1 - 8 3 , 1 9 80 . 

BRANEN , A . L .  and KEENAN , T . W .  
Growth s t imulation o f  Lactobaci l lus spec ies by lactic 

s treptococci .  Appl ied Microbiology 17 : 2 80 - 285 , 1 9 6 9 . 

BROWN , M . R . W .  and MELLING , J .  
Inhibi tion and des truction of micro organisms by heat . p . l - 37 .  

In Inhibition and Destruct ion of the Microbial Cell . Ed . Hugo , 
W . B . , London : Academic Press . 1 97 1 . 

CAIRNCROSS , S . E . and SJOSTROM , L . B .  
Flavour profiles - a new approach to flavour profile s . Food 

Technology 4 : 308 - 3 1 1 , 1950 . 

CHAPMAN , H . R . MABBITT , L . A .  and SHARPE ,  M . E .  
Apparatus and techniques for making cheese under controlled 

bacteriological conditions . 17th International Dairy Congres s  
Vol . D : 5 5 - 6 0 ,  1966 . 



1 6 0  

COLLINS , E . B .  and SPECKMAN , R . A .  
Influence o f  acetaldehyde on growth and acetoin production by 

Leuconos toc c i trovorum . Journal o f  Dairy Science 57  : 
1428 - 143 1 , 1974 . 

CONDON , S .  
Aerob ic metabolism of lactic acid bacteria . I rish Journal of 

Food Sc ience and Technology 7 : 15 - 2 5 , 19 8 3 . 

DAGLEY , S .  
C i trate - UV spectrophotometric determinati on . p . l562 - 1 5 6 5 . 

In Methods of Enzymatic Analys i s  2nd ed . Volume } .  New York : 
Academic Pres s .  1974 . 

DAVI S ,  B . D . , DULBECCO , R . , EISEN , H . N . , GINSBERG , H . S .  and 
WOOD , W . B .  

S terilization and dis infection . p . 33 6 - 3 5 3 . In Microbiology 
and Immunology . New York : Harpe r  and Row . 1 9 6 8 . 

DAVI S ,  J . G .  
S tudie s  in Cheddar cheese . I .  The oxidation- reduction 

potentials of ripening Cheddar chees e . J ournal of Dairy 
Research 3 : 241 - 253 , 1932 . 

DAVI S ,  J . G .  
S tudies in Cheddar chees e . IV . Obs ervations on the lactic 

acid flora of Cheddar cheese made from c lean milk . Journal of 
Dairy Res earch 6 : 175 - 190 , 1 9 3 5 . 

DAVI S ,  J . G .  and THIEL , C . C .  
The effect of pH on growth and acid production by 

s treptococ c i  and lactobac i ll i . J ournal of Dairy Research 1 0  
455 - 463 , 1 9 3 9 . 

DEAN , M . R . , BERRIDGE , N . J . and MABBITT , L . A .  
Microscopic observations on Cheddar cheese and curd . Journal 

of Dairy Research 26 : 77 - 82 , 1 9 5 9  

DEANE , D . D .  
Manufacture of cheese from milk with low fat content . Journal 

of Dairy Sc ience 55 : 660 , 1 9 7 2 . 

DEANE , D . D .  and DOLAN , E . T .  
Curing o f  cheese with reduced fat content . Journal o f  Dairy 

Sc ience 56 : 631 , 1973 . 

DIEBEL , R . H .  and SEELEY , H . W .  
Gram- pos it ive cocc i . Family I I . S treptococcaceae . p490 - 5 1 7 . 

In Bergey ' s Manual of Determinative Bacteriology . Ed . 
Buchanan , R . E .  and Gibbons , N . E .  8 th ed . , Balt imore : Wil l i ams 
and Wilkins Go . ,  1974 . 



1 6 1  

EL- GENDY , S . M . , ABDEL- GALIL ,  H . , SHAHIN , Y .  and HEGAZI , F . Z .  
Acetion and diacetyl production by Lactobac illus plantarum 

ab le to use c i trate . Journal of Food Protect ion 46 : 503 - 50 5 , 
1983 . 

EVANS , A . C .  
Journal o f  Agricultural Research 13 

Fryer , 1 9 6 9 . 

EVANS , E . W .  and MABBITT , L . A .  

2 3 5 , 1918 ; Quoted in 

The flavour of Cheddar cheese . National Ins t i tute for 
Research in Dairying Biennial Review : 59 - 7 2 , 1 9 74 . 

FODA , E . A . , HAMMOND , E . G . , REINBOLD , G . W .  and HOTCHKI S S , D . K . 
Role o f  fat in flavour of Cheddar cheese . Journal of Dairy 

Sc ience 57  : 1137 - 1142 , 1 9 74 . 

FORS S , D . A .  and PATTON , S .  
Flavour of Cheddar cheese . Journal of Dairy Science 49  

89 - 9 1 ,  1 9 6 6 . 

FRANKLIN , J . G .  
A s imple l ab oratory- s cale HTST milk pasteurizer . Journal o f  

Dairy Research 32 : 2 8 1 - 2 8 9 , 1 96 5 . 

FRANKLIN , J . G .  and SHARPE , M . E .  
The inci dence of bacteria in cheese milk and Cheddar cheese 

and the ir association with flavour . Journal o f  Dairy Research 
30 : 8 7 - 99 , 1963 . 

FRYER , T . F .  
The microflora of Cheddar cheese and its influence on cheese 

qual i ty with special reference to flavour . Thes i s , Ph . D . , 
Univers i ty o f  Reading , 1 9 6 8 . 

FRYER , T . F .  
The microflora of Cheddar cheese and its influence on cheese 

flavour . Dairy Science Abs tracts 3 1  : 417 - 490 , 1969 . 

FRYER , T . F .  
Utilization of citrate by lactobac illi isolated from dairy 

products . J ournal of Dairy Research 3 7  : 9 - 15 ,  1970 . 

FRYER , T . F .  
The c ontrolled ripening of Cheddar chees e . 2 1s t .  IDC . Mos c ow . 

Brief Communications . Vol . 1 .  Book 2 : 485 , 1 9 8 2 . 

FRYER , T . F . and SHARPE , M . E .  
Pediococ c i  in Cheddar cheese . J ournal of Dairy Research 3 3  

3 2 5 - 33 1 , 1 9 6 6 . 



1 6 2  

GARVIE , E . I .  
Gram-positive cocc i . Family I I . Streptococcaceae , Genus I I . 

Leucono s toc . p510 - 513 . In Bergey' s Manual of De terminative 
Bacteriology . Ed . Buchanan , R . E .  and Gibbons , N . E .  8 th ed . , 
Bal timore : Williams and Wilkins Co . , 1 9 74 . 

GARVIE , E . I .  
Hybridization between the deoxyribonucl e ic acids of s ome 

s trains of heterofermentative lactic acid bacteria . Journal o f  
Dairy Research 43 : 1 16 - 122 , 1 9 7 6 . 

GARVIE , E . I .  
Subdivis ions within the genus Leuconostoc as shown by RNA/DNA 

hybrydization . Journal of General Microb iology 1 2 7  : 209 - 2 1 2 , 
1981 . 

GARVIE , E . I .  
Leuconos to c  mesentero ides subsp . cremoris  c omb . nov . and 

Leuconos toc mesenteroides subsp . dextranicum comb . nov . 
International Journal of Sys tematic Bacteriology 33 : 1 1 8 - 1 1 9 , 
1983 . 

GASSER ,  F .  and GASSER ,  C .  
Immuno logical relationships among lactic dehydrogenases in 

the genera Lactobac illus and Leuconostoc . J ournal of 
Bacteriology 106 : 113 - 125 , 19 7 1 . 

GASSER ,  F .  and HONTEBEYRIE ,  M .  
Immunological relationships o f  gluco se - 6 - phosphate 

dehydrogenase of Leuconos toc mesenteroide� NCDO 7 6 8 . 
Internat ional J ournal of Sys tematic Bacteriology 2 7  : 6 - 8 ,  
1977 . 

GOEL , M . C .  and MARTH , E . H .  
Growth o f  Leuconostoc c itrovorum in skimmilk at 2 2  and 30C . 

Journal of Dairy Science 52 : 1207 - 1213 , 1 9 6 9 . 

GOEL , M . C .  and MARTH , E . H .  
Growth o f  Leuconos toc c itrovorum in skimmilk fortified wi th 

an extract o f  S treptococcus lactis  cells . J ournal of Dairy 
Sc ience 54 : 472 - 47 7 , 1 9 7 la . 

GOEL , M . C .  and MARTH , E . H .  
Growth of Leuconos toc citrovorum in skimmilk fortified with 

l iver concentrate or pancreas extract .  Journal o f  Milk and 
Food Technology 34 : 3 57 - 36 0 , 1 9 7 lb .  

GOEL , M . C .  and MARTH , E . H .  
Growth of Leucono stoc c itrovorum in skimmilk fortified wi th 

cobalt ,  manganese and iron compounds . Journal of Milk and Food 
Technology 3 5  : 269 - 2 7 5 , 1 9 7 2 . 



1 6 3  

GRAPPIN , R . , RANK , T . C .  and OLSON , N . F .  
Primary proteolys is o f  cheese proteins during ripening : A 

review . Journal o f  Dairy Science 68 : 5 3 1 - 540 , 1985 . 

HANSEN , P . A .  
A s tudy in chees e  ripening . The influence of autolysed cells  

of S treptococcus cremoris and S treptococcus lactis  on the 
development of Lactobac illus case i . Journal of Dairy Science 
24 : 9 6 9 - 9 7 6 , 1941 . 

HEMME , D . , BOUILLANNE , C . , METRO , F .  and DESMAZEAUD , M . -J .  
Microb ial catabol i sm of amino acids during cheese ripening . 

Sciences des Al iments 2 : 1 1 3 - 123 , 1982 . 

HICKEY , M . W . , HILLIER , A . J .  and JAGO , G . R .  
Peptidase activities in lactobac illi . The Aus tral ian J ournal 

of Dairy Technology 38 : 118 - 123 , 1983 a .  

HICKEY , M . W . , HILLIER , A . J . and JAGO , G . R .  
Enzymatic act ivit ies associated with lactobac illi  in dairy 

products . The Aus tral ian Journal of Dairy Technology 38 : 
154- 1 5 7 , 1 9 8 3b . 

HILL , D . A .  and THORNTON , H . R .  
Lactobac illi  in Edmonton dairy products . Canadian J ournal o f  

Microb iology 4 : 2 1 5 - 220 , 1958 . 

HOGLUND , G . F . , FRYER , T . F . and GILLES , J .  
The influence of s tarter , Cheddaring and press ing on Cheddar 

cheese . New Zealand Journal of Dairy Science and Technology 7 
: 150 - 154 , 1972a . 

HOGLUND , G . F . , FRYER , T . F . and GILLES , J .  
The influence of lac tobacilli on open texture in Cheddar 

cheese . New Zealand Journal of Dairy Sc ience and Technology 7 
: 159 - 16 0 , 1 9 7 2b .  

HONTEBEYRIE , M .  and GAS SER ,  F .  
Comparative immunological relationships o f  two dis t inct s e ts 

of isofunct ional dehydrogenases in the genus Leucono s toc . 
International Journal of Sys tematic Bacteriology 25 : 1 - 6 , 
1975 . 

HONTEBEYRIE , M .  and GAS SER ,  F .  
Deoxyribonucleic acid homologies in the genus Leucono s to c . 

International Journal of Systematic Bacteriology 27 : 9 - 14 , 
1977 . 

HUCKER , G . J . and PEDERSON , C . S .  
S tudies on the Coccaceae . XVI . The genus Leuconostoc . New 

York S tate Agricultural Experiment Station , Technical Bulletin 
No . 167 , 1 9 3 0 . 



164 

HUNTER , G . J . E .  
The growth requirements of lactobac i l l i  in relat ion to cheese 

flavour development . Journal of Dairy Research 17 : 7 9 - 90 , 
1950 . 

INGRAM , M .  
Sporeformers as food spoilage organisms . I I I . Res i s tance to 

heat or radiation . p . 568 - 610 . In The Bac terial Spore . Ed . 
Gould , G . W .  and Hurs t ,  A .  London : Academic Pres s . 1969 . 

JACQUET , J .  and LENOIR , J .  
Internal mechanisms of cheese r ipening . Economie et Medec ine 

Animales 10 : 3 8 - 71 , 1968 . 

JOHNS , C . K .  and COLE , S . E .  
Lactobac illi  in Cheddar cheese . Journal of Dairy Research 2 6  

: 157 - 16 1 , 195 9 . 

KEENAN , T . W .  and LINDSAY , R . C .  
Dehydrogenase activity of Lactobac i l lus species . Journal o f  

Dairy Sc ience 50 : 1585 - 1588 , 196 7 . 

KEENAN , T . W .  and LINDSAY , R . C .  
D iacetyl production and util ization by Lactobac i l lus spec ies . 

J ournal of Dairy Science 51 : 188 - 191 , 1968 . 

KEMPLER , G . M .  and M+cKAY , L . L .  
Improved medium for the detection o f  c i trate - fermenting 

S treptococcus lactis subsp . diacetylactis . Appl ied and 
Environmental Microbiology 3 9  : 9 2 6 - 9 2 7 , 1980 . 

KIRBY , C . J .  and LAW , B . A .  
Recent developments in cheese flavour technology : 

appl ication of enzyme microencapsulation . Dairy Indus tries 
International 5 2 ( 2 )  : 19 - 21 , 1 9 8 7 . 

KITAHARA , K .  
Gram-po s itive cocc i . Family I I . S treptococcaceae , Genus I I I . 

Pediococcus . p513 - 515 . In Bergey ' s Manual of Determinative 
Bacteriology . Ed . Buchanan , R . E .  and G ibbons , N . E .  8th ed . , 
Baltimore : Williams and Wilkins Go . ,  1974 . 

KLETER , G .  
The b acterial flora in aseptically drawn milk . Netherlands 

Milk and Dairy Journal 28 : 2 20 - 2 3 7 , 1 9 74 . 

KLETER , G .  
Apparatus for making cheese under s trict aseptic conditions . 

Netherlands Milk and Dairy Journal 2 9  : 2 9 5 - 30 2 , 1 9 7 5 . 



1 6 S  

KLETER , G .  
The ripening o f  Gouda cheese made under s trict aseptic 

conditions . 1 .  Cheese with no o ther bacterial enzymes than 
those from a s tarter s treptococcus . Netherlands Milk and Dairy 
J ournal 30 : 2S4 - 2 70 , 1976 . 

KLETER , G .  
The ripening o f  Gouda cheese made under s trict aseptic 

conditions . 2 .  The comparison of the activity of different 
s tarters and the influence of certain lactobaci l lus s trains . 
Netherlands Milk and Dairy Journal 3 1  : 177 - 18 7 , 1 9 7 7 . 

KLETER , G .  and Vries , T .  de . 
Aseptic mi lking of cows . Netherlands Milk and Dairy Journal 

2 8  : 212 - 2 19 , 1974 . 

KOSIKOWSKI , F . V .  and MOCQUOT , G .  
Advances in Cheese Technology . F . A . O .  Agric . Stud . No . 3 8 

pl4 1 , 19S8 . (Quoted in Fryer , 1 9 6 9 ) . 

KRI STOFFERSEN , T .  
Interrelationships o f  flavour and chemical changes in chees e . 

J ournal of Dairy Science SO : 2 7 9 - 284 , 1967 . 

KRI STOFFERSEN , T .  
B iogenesis  of cheese flavour . J ournal of Agricul tural and 

Food Chemistry 21 : S73 - S7S , 1 9 7 3 . 

KRI STOFFERSEN , T .  and NELSON , F . E .  
The relationship of serine deamination and hydrogen sulphi de 

product ion by Lactobacillus casei to Cheddar cheese flavour . 
Journal of Dairy Science 38  : 1 3 1 9 - 132S , 19SS . 

KRI STOFFERSEN , T . , MIKOLAJCIK , E . M .  and GOULD , I . A .  
Cheddar cheese flavour . IV . Directed and accelerated ripening 

proces s . Journal of Dairy Science SO : 2 9 2 - 2 9 7 , 1 9 6 7 . 

LAW , B . A . , CASTANON , M .  and SHARPE , M . E .  
The effect of non- s tarter bacteria on the chemical 

composition and the flavour of Cheddar cheese .  Journal of 
Dairy Research 43 : 1 1 7 - 12 S , 1 9 7 6 a . 

LAW , B . A . , CASTANON , M .  and SHARPE , M .  E .  
The contribution o f  s tarter s treptococci to flavour 

development in Cheddar cheese .  J ournal of Dairy Res earch 4 3  
301 - 3 1 1 , 1 9 7 6b .  

LAW , B . A . , HOSKING , Z . D .  and SHARPE ,  M . E .  
The effect of s ome manufacturing conditions on the 

development of flavour in Cheddar cheese . Journal o f  the 
Society of Dairy Technology 32 : 8 7 - 90 ,  1979 . 



1 6 6  

LAW , B . A .  and KING , J . S .  
Use of l iposomes for prote inase addi tion to Cheddar che e s e . 

Journal of Dairy Research 5 2  : 183 - 188 , 1985 . 

LAWRENCE , R . C .  
Cheddar cheese flavour . New Zealand Journal of Dairy 

Technology 1 : 122 - 123 , 1 9 6 6 . 

LAWRENCE , R . C .  
The pos s ible role of milk fat in the formation of Cheddar 

cheese flavour . New Zealand Journal of Dairy Technology 2 : 
5 5 - 5 7 , 1967 . 

LAWRENCE ,  R . C .  and GILLES , J .  
Production of s trong flavoured Cheddar cheese . New Zealand 

Journal of Dairy Technology 2 : 148 , 1967 . 

LAWRENCE , R . C . , GILLES , J .  and CREAMER L . K .  
The relationship between cheese texture and flavour . New 

Zealand Journal of Dairy Science and Technology 1 8  : 175 - 1 9 0 , 
1983 . 

LEBARS , D . , DESMAZEAUD , M . -J . , GRIPON , J . C .  and BERGERE , J . L . 
S tudy of the role of microorganisms and thei r  enzymes in the 

maturation of cheeses . 1 .  Aseptic manufacture of a model curd . 
Lai t  55 : 3 7 7 - 389 , 1 9 7 5 . 

LOFTUS -HILL ,  G .  and S ILCOCK , K . M .  
Current Aus tralian dairy research . The Aus tral ian Journal o f  

Dairy Technology 2 5  : 9 5 - 105 , 1970 . 

LOWRIE ,  R . J . , LAWRENCE , R . C .  and PEBERDY M . F .  
Cheddar cheese flavour . V )  Influence o f  bacteri ophage and 

cooking temperature on cheese made under controlled 
bacteriological conditions . New Zealand Journal o f  Dairy 
Science and Technology 9 : 116 - 121 , 1974 . 

M+cBRIDE , R . L . and HALL , C .  
Cheese grading versus consumer acceptability : an inevitable 

discrepancy . The Aus tralian Journal of Dairy Technology 3 4  : 
66 - 68 , 1 97 9 . 

M+cGUIGAN , W . A .  
Cheddar cheese flavour . A review o f  current progress .  Journal 

of Agricultural and Food Chemi s try 2 3  : 1047 - 105 0 , 1975 . 

MABBITT , L . A .  
The flavour of Cheddar cheese . Journal o f  Dairy Research 2 8  

303 - 318 , 1961 . 

MABBITT , L . A .  and ZIELINSKA , M .  
The importance of lactobaci l l i  in the production o f  flavour 

in Cheddar cheese . Journal of Dairy Research 2 2  : 3 7 7 - 3 8 3 , 
1955 . 



MABBITT , L . A . , CHAPMAN , H . R .  and SHARPE ,  M . E .  
Making Cheddar cheese on a small scale under c ontro lled 

bac teriological condi tions . Journal of Dairy Res earch 26 
105 - 112 , 19 5 9 . 

MAN , J . C . de ,  ROGOSA , M .  and SHARPE ,  M . E .  

1 6 7  

A medium for the cul tivation of lactobac i ll i . J ournal o f  
Appl ied Bacteriology 23 : 130 - 135 , 1960 . 

MANNING , D . J . 
Chemical product ion of essential Cheddar flavour compounds . 

Journal of Dairy Research 46 : 531 - 537 , 19 7 9 . 

MARSHALL , J .  and WAUGH , I .  
Observations on the maturing of Cheddar cheese for local 

market .  The Aus tral ian Journal of Dairy Technology 3 3  : 8 8 - 9 2 , 
1978 . 

MARTH , E . H .  
Microb iological and chemical aspec ts of Cheddar cheese 

ripening . A review . J ournal of Dairy Sc ience 46 : 8 6 9 - 8 9 0 , 
1963 . 

MARTLEY , F . G .  
Temperature sens i t ivities of thermophilic s tarter s trains . 

New Zealand Journal o f  Dairy Sc ience and Technol ogy 18  : 
191 - 196 , 1 98 3 . 

MARTLEY , F . G .  and LAWRENCE , R . C .  
Cheddar cheese flavour . II . Characteristics of s ingle s train 

s tarters as soc iated with good and poor flavour development . 
New Zealand Journal o f  Dairy Science and Technology 7 : 3 8 - 44 , 
1972 . 

MIZUNO , W . G . and J EZESKI , J . J .  
S tudies on s tarter metabolism .  IV . Effect o f  vari ous 

sub s trates on the formation of aceto in by a mixed s train 
s tarter culture . Journal of Dairy Science 42 : 2 5 1 - 2 6 3 , 1 9 5 9 . 

MOATS , W . A .  
Kinetics o f  thermal death o f  bacteria . Journal o f  

Bacteriology 105 : 165 - 171 , 1971 . 

MOATS , W . A . , DABBAH , R .  and EDWARDS ,  V . M .  
Interpretation o f  nonlogarithmic survivor curves o f  heated 

bacteria . Journal of Food Sc ience 36 : 523 - 5 2 6 , 1 9 7 1 . 

MORRI S ,  H . A .  
Cheese r ipening research - trends and perspective s . Journal 

of Dairy Science 6 1  : 1198 - 1203 , 1978 . 



1 6 8  

MULDER , H .  
Tas te and flavour forming subs tances in cheese . Netherlands 

Milk and Dairy Journal 6 : 157 - 16 8 , 1952 . 

NAYLOR , J .  and SHARPE , M . E .  
Lactobac illi  in Cheddar cheese . 1 .  The use of selective media 

for isolation and of serological typ ing for identification . 
Journal of Dairy Research 25 : 92 - 103 , 1958a . 

NAYLOR , J .  and SHARPE ,  M . E .  
Lactobac i l l i  in Cheddar cheese . 2 .  Dupl icate cheeses . Journal 

of Dairy Research 2 5  : 421 -430 , 19 58b . 

NAYLOR , J .  and SHARPE , M . E .  
Lactobaci l l i  in Cheddar cheese . 3 .  The s ource o f  lac tobac i l l i  

in cheese . Journal of Dairy Research 2 5  : 4 3 1 - 43 8 , 1 9 58c . 

NEW ZEALAND Minis try of Agriculture and Fisheries . Dairy 
Divis ion Manual . DDM 4 : l . lO . la ,  197 9 a .  

NEW ZEALAND Minis try of Agricul ture and Fisheries . Dairy 
Divis ion Manual . DDM 4 : 4 . 1 . 3a ,  1979b . 

NEW ZEALAND Minis try of Agriculture and Fisheries . Dairy 
Divis ion Manual . DDM 4 : 4 . 7 . 2a ,  1 9 7 9 c . 

NICKELS , C .  and LEESMENT , H .  
Method for the differentiation and quantitative determination 

of s tarter bacteria . Milchwis senschaft 19  : 374 - 3 7 8 , 1964 . 

NUNEZ , M .  
Microbial flora o f  Queso Manchego . VI . Pediococcus . An . INIA 

� : 7 5 - 8 1 , 19 7 6 . 

OHMIYA , K .  and SATO , Y .  
S tudies o n  the proteolytic action of dairy lactic acid 

bac teria . X .  Autolys i s  of lactic acid bacterial cells in 
aseptic rennet curd . Agricultural and Biological Chemistry 34 
: 45 7 - 46 3 , 1970 . 

OHREN , J . A .  and TUCKEY , S . L . 
Relation o f  flavour development in Cheddar cheese to chemical 

change in the fat of the cheese . J ournal of Dairy Science 52 : 
598 - 607 , 1 9 6 9 . 

O ' KEEFE , R . B ,  FOX , P . F .  and DALY , C .  
Proteolys i s  in Cheddar cheese :  Influence of the rate of acid 

production during manufacture . Journal of Dairy Research 42 : 
1 1 1 - 122 , 1 97 5 . 

O ' KEEFE , R . B ,  FOX , P . F . and DALY , C .  
Manufacture o f  Cheddar cheese under controlled 

bacterio logical conditions . Irish Journal of Agricul tural 
Research 15  : 151 - 15 5 , 1976a . 



1 6 9  

O ' KEEFE , R . B ,  FOX , P . F . and DALY , C .  
Contribution of rennet and s tarter proteases to pro teolys i s  

i n  Cheddar cheese .  Journal o f  Dairy Research 43 : 9 7 - 107 , 
1 9 7 6b . 

OVERCAST , W . W .  and ALBRECT , T . W .  
Gas production in Cheddar cheese caused by Leuconos toc 

c itrovorum . Journal of Dairy Research 35  : 5 54 - 5 5 8 , 1952 . 

PAULSEN , P . V . , KOWALEWSKA , J . , HAMMOND , E . G .  and GLATZ , B . A .  
Role o f  microflora in produc tion of free fatty ac ids and 

flavour in Swis s  cheese . Journal of Dairy Sc ience 63  : 
9 1 2 - 9 1 8 ' 1 9 80 . 

PATTON , S .  
Volatile compounds of Cheddar cheese . Journal of Dairy 

Science 46 : 856 - 858 , 1963 . 

PEARCE , K . N .  
The complexometric determination o f  calc ium in dairy 

products . New Zealand Journal of Dairy Sc ience and Technology 
1 2  : 1 1 3 - 115 , 1977 . 

PEARCE , K . N .  and GILLES , J .  
Compos i tion and grade of Cheddar cheese manufactured over 

three seasons . New Zealand Journal of Dairy Sc ience and 
Technology 14 : 6 3 - 7 1 , 1979 . 

PEARCE , L . E .  
Leuconos toc cremoris and Streptococcus diacettlactis in 

s tarter cultures .  NZDRI . Proceedings of the 50 h Jub ilee 
Conference : 187 - 189 , 1977 . 

PERRY , K . D .  and McGILLIVRAY , W . A  
The manufacture o f  "normal"  and " s tarter - free " Cheddar cheese 

under controlled bacteriological conditions . Journal of Dairy 
Research 3 1  : 155 - 165 , 1964 . 

PERRY , K . D .  and SHARPE , M . E .  
Heat res is tance of lactobac i l l i  from Engli sh Cheddar cheese . 

Journal of Dairy Research 2 6  : 72 - 76 , 1 9 5 9 . 

PERRY , K . D .  and SHARPE , M . E .  
Lactobac illi  in raw milk and in Cheddar cheese .  J ournal o f  

Dairy Research 27  : 267 - 275 , 1960 . 

PROUTY , C . C .  and GOULDING , N . S .  
The action of the as s oc iate s tarter organisms in American 

Cheddar cheese .  J ournal of Dairy Science 2 9  : 495 - 496 , 1946 . 

RAMMELL , C . G .  
The dis tribution of bacteria in New Zealand Cheddar chee s e . 

J ournal of Dairy Res earch 27  : 341 - 3 5 1 , 1 9 60 . 



1 7 0  

RANK , T . C . , GRAPPIN , R .  and OLSON , N . F .  
S econdary proteolys i s  o f  cheese during proteolys i s : A review . 

J ournal of Dairy Sc ience 6 8  : 801 - 805 , 1985 . 

REITER , B .  
S ome thoughts on cheese s tarters . Journal o f  the Society o f  

Dairy Technology 26 : 3 - 1 5 , 197 3 . 

REITER , B . , FRYER , T . F .  and SHARPE , M . E .  
S tudies on cheese flavour . Journal of Appl ied Bacteriology 

29 : 2 3 1 - 243 , 1966 . 

REITER , B . , FRYER , T . F . , PICKERING , A . , CHAPMAN , H . R . , 
LAWERENCE ,  R . C .  and , SHARPE ,  M . E .  

The effect of the microbial flora on the flavour and free 
fatty ac id composition of Cheddar cheese . Journal of Dairy 
Res earch 34 : 257 - 2 7 2 , 1 9 6 7 . 

REITER , B . , and MOLLER-MADSEN A .  
Reviews on the progress o f  dairy s c ience . Section B .  Chee s e  

and butter starters . Journal of Dairy Research 30 : 419 - 45 5 ,  
1 9 6 3 . 

REITER , B .  and SHARPE , M . E .  
Relationship of the microflora to the flavour of Cheddar 

cheese . Journal o f  Appl ied Bacteriology 34 : 6 3 - 8 0 , 1 9 7 1 . 

RIEMELT , I .  
Isolation and differentiation of ULeuconos toc cremori su .  2 1 s t  

IDC , Moscow . Brief Communications . Vol .  1 .  Book 2 : 3 5 8 - 3 5 9 , 
1982 . 

ROGOSA , M .  
Gram pos itive , asporogenous , rod- shaped bacteria . Family I .  

Lactobac illaceae , Genus I .  Lactobac illus . p576 - 5 9 3 . In 
Bergey ' s Manual of Determinative Bacteriology . Ed . Buchanan , 
R . E .  and Gibbons , N . E .  8 th ed . , Balt imore : Williams and 
Wilkins Co . ,  1974 . 

ROGOSA , M . , MITCHELL , J . A .  and WISEMAN , R . F .  
A selective medium for the enumeratio of oral and fecal 

lactobac illi . Journal of Bacteriology 62 : 1 3 2 - 1 3 3 , 1 9 5 1 . 

SCHORMULLER , J .  
The chemis try and b iochemis try of cheese flavour . Advance s  in 

Food Res earch 16 : 2 3 1 - 3 34 ,  1968 . 

SCOTT , R .  
Cheese grading for the future . Dairy Indus tries 3 9  

1 9 74 . 
242 - 245 , 



1 7 1  

S EDEWITZ , B . , SCHLEIFER , K . H .  and GOTZ , F .  
Phys iological role o f  pyruvate oxidase in the aerobic 

metabol ism of Lactobacillus plantarum . Journal of Bacterio l ogy 
160 : 462 - 465 , 1984 . 

SHARPE , M . E .  and FRANKLIN , J . G .  
Production of hydrogen sulphide by lactobac i l l i  with spe c i al 

reference to s trains isolated from Cheddar chees e . Proceedings 
of the Eighth International Congress of Microbiology, 
Montreal . B ,  11 . 3 .  : 46 , 1962 . 

SHARPE , M . E .  and MATTICK , A . T . R .  
Lactobac illi in milk used for commercial cheesemaking . 

Journal of Dairy Research 27  : 2 7 7 - 282 , 1 9 60 . 

SHERWOOD , I . R .  
The relation o f  certain lactic ac id bacteria to open texture 

in Cheddar cheese . Journal of Dairy Research 10 : 3 2 6 - 3 3 5 , 
1 9 3 9 a . 

SHERWOOD , I . R . 
The bacterial flora of New Zealand Cheddar cheese . J ournal of 

Dairy Research 10 : 426 - 448 , 1 9 39b . 

SHERWOOD , I . R .  
Lac tic acid bacteria i n  relation t o  cheese flavour . I I . 

Obs ervations on the inoculation of the milk employed in cheese  
manufacture with lactobac i l l i . Journal of Dairy Research 1 0  : 
449 -454 , 1 9 3 9 c . 

SINGH , A . , SRINIVASAN , R . A .  and DUDANI , A . T .  
Role o f  l ipolytic bacteria in degradation o f  experimental 

Cheddar cheese during r ipening . Indian Journal o f  Dairy 
Science 29  : 22 - 2 6 , 1 9 7 6 . 

SLATER , W . L .  and HALVORSON , H . O .  
Heat res i s tance of lac tobac i l l i  found in American cheddar 

cheese . Journal of Dairy Science 30 : 2 3 1 - 243 , 1947 . 

STADHOUDERS , J .  
Cheese defects caused by l ac tobacilli  originating from 

contaminated rennet .  Mededel ing M3 , Netherlands Ins titute for 
Dai ry Research , 1 9 6 8 . 

SJOSTROM , B . L . , CAIRNCROSS , S . E .  and CAUL , J . F .  
Methodology of the flavour profile . Food Technology. Campai gn 

11 : Suppl . 20 - 5 ,  1 9 5 7 . 

STADHOUDERS , J .  and VERINGA , H . A .  
Texture and flavour defects in cheese caused by bacteria from 

contaminated rennet .  Netherlands Milk and Dairy J ournal 2 1  : 
192 - 207 , 1967 . 



1 7 2  

STONE , H . , S IDEL ,  J . , OLIVER , S . , WOOLSEY , A .  and S INGLETON , 
R . C .  

Sensory evaluation by Quantitative Descriptive Analys is . Foo d  
Techno logy 28 ( 1 1 )  : 24 - 34 , 1974 . 

TERZAGHI , B . E .  and SANDINE , W . E .  
Improved medium for lactic s treptococci and the i r  

bacteriophages . Applied Microb iology 29 : 807 - 8 1 3 , 1 97 5 . 

THOMAS , T . D .  
Oxidative activity o f  bac teria from Cheddar cheese . New 

Zealand Journal of Dairy Science and Techno logy 2 1  : 3 7 -47 , 
1 9 8 6 . 

THOMAS , T . D .  
Acetate product ion from lactate and c i trate by non - s tarter 

bacteria in cheese . New Zealand Journal of Dairy S c ience and 
Technology 2 2  : 2 5 - 38 ,  1987a . 

THOMAS , T . D .  
Cannibalism among bacteria found in cheese . New Zealand 

Journal o f  Dairy Sc ience and Technology 22 : 2 1 5 - 2 1 9 , 19 8 7b . 

THOMAS , T . D .  and CROW , V . L . 
Mechanism of D - lactic ac id formation in Cheddar cheese . New 

Zealand Journal of Dairy Science and Technology 18 : 1 3 1 - 141 , 
1 9 8 3 . 

THOMAS , T . D . , M+cKAY , L . L .  and MORRI S ,  H . A .  
Lactate metabolism by Pediococci isolated from cheese . 

Applied and Environmental Microbiology 49 : 908 - 9 1 3 , 1 9 8 5 . 

THOMAS , T . D .  and PEARCE , K . N .  
Influence o f  salt on lactose fermentation and proteolys i s  in 

Cheddar cheese . New Zealand Journal of Dairy Science and 
Technology 1 6  : 2 5 3 - 25 9 , 1981 . 

TURNER , K . W .  and THOMAS , T . D .  
Lactose fermentation in Cheddar cheese and the effect of 

salt . New Zealand J ournal of Dairy Science and Technology 1 5  
2 6 5 - 2 7 6 , 1980 . 

VI SSER ,  F . M . W .  
C ontr ibution o f  enzymes from rennet ,  s tarter b acteria and 

milk to proteolys i s  and flavour development in Gouda cheese . 
2 . Development o f  b i tterness  and cheese flavour . Ne therlands 
Milk and Dairy J ournal 3 1  : 188 - 209 , 1 9 7 7 . 

WAES , G .  
The enumeration of aromabacteria in BD s tarters . Netherlands 

Milk and Dairy J ournal 2 2  : 29 - 39 , 1968 . 



1 7 3  

WHEATER , D . M .  
The charac ter i s ti c s  o f  Lactobac i l lus plantarum , L .  helve t i cus 

and L .  c a s e i .  J ournal of General Microb iology 1 2  : 1 3 3 - 13 9 , 
1955 . 




